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(54) INSPECTION METHOD AND PHOTOMASK 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high- 
accuracy inspection method of a projection optical 
system by which the influence of double refraction 
can be separated from the other causes of 
deterioration of images. 

SOLUTION: Optical characteristics of a projection 
optical system 9 is searched by transferring an 
exposure mark of a photomask 33 to a resist applied 
on a wafer 10 using a polarized first exposure light. _ __ 

Then the optical characteristics of the projection 
optical system 9 is searched by transferring the 
exposure mark of the photomask 33 to the resist 
applied on the wafer 10 using a second exposure 
light which is different from the first exposure light in 

the polarization state. The performance inspection of the projection optical system 9 is 
executed by calculating the difference in the optical characteristics searched using the first 
and second exposure lights. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

The step which imprints the exposure mark of a photo mask to the resist applied on the wafer with 
the 1 st exposure light which polarized, and asks it for the 1st optical property of projection optics, 
The step which imprints the exposure mark of said photo mask to the new resist applied on the wafer 
with the 2nd exposure light from which said the 1st exposure light and polarization condition differ, 
and asks it for the 2nd optical property of said projection optics, 
The step which computes the difference of said 1st and 2nd optical properties 
The inspection approach characterized by including **. 
[Claim 2] 

The inspection approach according to claim 1 that said 1st exposure light is characterized by being 
the linearly polarized light. 
[Claim 3] 

The inspection approach according to claim 1 or 2 characterized by said 2nd exposure light being 
polarization of said 1st exposure light, and polarization which intersects perpendicularly. 
[Claim 4] 

The inspection approach according to claim 1 or 2 that said 2nd exposure light is characterized by 
not polarizing. 
[Claim 5] 

The inspection approach given in any 1 term of claims 1-4 characterized by said exposure light 
polarizing with the polarizer formed so that it might counter with said exposure mark of said photo 
mask. 
[Claim 6] 

The inspection approach given in any 1 term of claims 1-4 characterized by said exposure light 
polarizing with the polarizer formed on the pellicle. 
[Claim 7] 

The inspection approach given in any 1 term of claims 1-6 to which said optical property is 
characterized by being the aberration of the projection lens of said projection optics. 
[Claim 8] 

The aberration of said projection lens is the inspection approach according to claim 7 characterized 
by being either among comatic aberration, spherical aberration, astigmatism, and 3theta aberration. 
[Claim 9] 

The inspection approach according to claim 7 or 8 characterized by performing measurement of said 
aberration on the Sanko bundle interference conditions. 
[Claim 10] 

The inspection approach given in any 1 term of claims 7-9 characterized by expressing said 
aberration with the aberration coefficient of the Zernike polynomials. 
[Claim 11] 

The transparence substrate which has the 2nd front face which counters the 1st front face and said 
1 st front face, 

The exposure mark arranged on said 1st front face, 

The polarizer which countered said exposure mark and has been arranged on said 2nd front face 
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The photo mask characterized by having **. 
[Claim 12] 

The 1 st polarizer with which said polarizer polarizes exposure light in the 1st polarization condition, 
The 2nd polarizer which polarizes said exposure light in the different polarization condition from 
said 1st polarization condition 

** since — the photo mask according to claim 1 1 characterized by becoming. 
[Claim 13] 

The photo mask according to claim 12 with which said 1st polarization condition is characterized by 
being the linearly polarized light. 
[Claim 14] 

The photo mask according to claim 12 or 13 with which said 2nd polarization condition is 
characterized by said the 1st polarization condition and plane of polarization intersecting 
perpendicularly mutually. 
[Claim 15] 

The photo mask according to claim 12 or 13 with which said 2nd polarization condition is 
characterized by being in the condition of not polarizing. 
[Claim 16] 

A photo mask given in any 1 term of claims 11-15 characterized by said polarizer consisting of 
Rhine and a tooth-space pattern. 
[Claim 17] 

The photo mask according to claim 16 with which Rhine of said polarizer and the period of a tooth- 
space pattern are characterized by being below the wavelength of exposure light. 
[Claim 18] 

A photo mask given in any 1 term of claims 1 1-17 to which said exposure mark is characterized by 
including the aberration measurement pattern of a projection lens. 
[Claim 19] 

The 1st transparence substrate which has the 1st front face, 
The exposure mark arranged on said 1st front face, 

The pellicle which consists of the 2nd transparence substrate which is arranged so that said 1st front 
face may be countered, and has the 2nd front face, 

The polarizer which countered said exposure mark and has been arranged on said 2nd front face 
The photo mask characterized by having **. 
[Claim 20] 

The 1st polarizer with which said polarizer polarizes exposure light in the 1st polarization condition, 
The 2nd polarizer which polarizes said exposure light in the different polarization condition from 
said 1 st polarization condition 

** -- since - the photo mask according to claim 19 characterized by becoming. 
[Claim 21] 

The photo mask according to claim 20 with which said 1st polarization condition is characterized by 
being the linearly polarized light. 
[Claim 22] 

The photo mask according to claim 20 or 21 with which said 2nd polarization condition is 
characterized by said the 1st polarization condition and plane of polarization intersecting 
perpendicularly mutually. 
[Claim 23] 

The photo mask according to claim 20 or 21 with which said 2nd polarization condition is 
characterized by being in the condition of not polarizing. 
[Claim 24] 

A photo mask given in any 1 term of claims 19-23 characterized by said polarizer consisting of 
Rhine and a tooth-space pattern. 
[Claim 25] 

The photo mask according to claim 24 with which Rhine of said polarizer and the period of a tooth- 
space pattern are characterized by being below the wavelength of exposure light. 
[Claim 26] 

A photo mask given in any 1 term of claims 19-25 to which said exposure mark is characterized by 
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including the aberration measurement pattern of a projection lens. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

Especially this invention relates to the photo mask used for the performance verification approach of 

the projection optics of an aligner, and inspection about an optical lithography technique. 

[0002] 

[Description of the Prior Art] 

Making detailed the minimum line width of the pattern which constitutes a semiconductor device, 
and the minimum period every year, the minimum solution image line width of face required of the 
aligner which resolves this pattern is becoming about lOOnm or less of current. The minimum 
solution image period of an aligner is decided by numerical aperture (NA) of the exposure 
wavelength lambda and a projection lens. What is necessary is to short-wavelength-ize exposure 
wavelength lambda, in order to form a more detailed pattern, and just to expand NA. Short 
wavelength-ization of exposure light is advanced for this purpose, recent years — an argon flora — 
the id (ArF) ~ a excimer laser aligner (lambda= 193nm) is put in practical use, and development is 
performed for the fluorine gas (F2) excimer laser aligner (lambda= 157nm) for the purpose of 
utilization several years after. Although the class is restricted and the optical material which can be 
used as a lens for optical lithographies on the wavelength of 193nm or less can use fluorite (calcium- 
fluoride single crystal) and a fused quartz for light with a wavelength of 193nm with the present 
technique, it can use only fluorite to light with a wavelength of 157nm. 
[0003] 

When using a lens, a birefringence is in one of the phenomena which pose a problem. Since a 
refractive index is physical quantity which governs an optical refraction angle and phase velocity, 
when a projection lens shows a birefringence, the image formation property of a projection lens 
changes with the polarization conditions of light. When a birefringence occurs, by connecting an 
image to a location different, for example for every polarization condition of exposure light, an 
image fades, image contrast and resolution decline and there is a possibility that a detailed pattern 
cannot be formed. 
[0004] 

It became clear from the latest research that fluorite had a comparatively big birefringence in a 
specific crystal orientation. That is, a birefringence is shown about the optical path which meets the 
crystallographic axis in which the birefringence of fluorite is not shown in the direction which is not 
parallel to an optical axis even if it manufactures a lens for the direction of an optical axis. 
Consequently, if the pattern which should be imprinted is detailed, many diffracted lights will occur 
a certain forge fire in the direction which is not parallel to an optical axis, and it will become easy to 
be influenced of a birefringence. In order to control the effect of a birefringence as the whole lens, 
the effect of a birefringence is offset to some extent, or effect can be prevented from concentrating it 
on a specific optical path by changing each crystal orientation mutually and arranging the lens of two 
or more fluorite. However, with a current technique, it is difficult to control the effect of a 
birefringence completely even in such a case. 
[0005] 

[Problem(s) to be Solved by the Invention] 
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The birefringence of the lens material used for the projection optics of an aligner must be controlled 
in order to degrade the image formation engine performance, but even if it sees only the degradation 
condition of image formation, it is not recognized whether it has occurred for a birefringence. The 
method of carving with other image degradation factors and inspecting whether it is necessary to use 
the small lens of a birefringence for projection optics for detailed-izing of a semiconductor device, 
and the birefringence is controlled as much as possible is required. 
[0006] 

This invention is offering the inspection approach of projection optics of solving such a technical 
problem, carving the effect of a birefringence with other image degradation factors, and inspecting it. 

[0007] 

Other purposes of this invention are offering the photo mask used for the inspection approach of 

projection optics. 

[0008] 

[Means for Solving the Problem] 

In order to solve the above-mentioned technical problem, the 1st description of this invention The 
step which imprints the exposure mark of a photo mask to the resist applied on the wafer with the 1st 
exposure light which (b)-polarized, and asks it for the 1st optical property of projection optics, The 
step which imprints the exposure mark of a photo mask to the new resist applied on the wafer with 
the 2nd exposure light from which the exposure light and the polarization condition of (b) 1st differ, 
and asks it for the 2nd optical property of projection optics, (Ha) Let it be a summary to be the 
inspection approach containing the step which computes the difference of the 1st and 2nd optical 
properties. 
[0009] 

According to the 1st description of this invention, the inspection approach of projection optics of 

inspecting the effect of a birefringence can be offered. 

[0010] 

In the 1st description of this invention, it is desirable that the 1st exposure light is the linearly 
polarized light. Moreover, it is desirable that the 2nd exposure light is polarization of the 1st 
exposure light and polarization which intersects perpendicularly. Moreover, the 2nd exposure light 
could polarize. Moreover, exposure light polarizes with the polarizer formed so that it might counter 
with the exposure pattern of a photo mask. Thus, an optical property is measured by the exposure 
light from which a polarization condition differs, and performance verification of projection optics is 
conducted. Moreover, exposure light may polarize with the polarizer formed on the pellicle. The 
polarization condition of exposure light is for not changing, even if it penetrates a photo mask. 
Moreover, it is desirable that an optical property is the aberration of the projection lens of projection 
optics. As for the aberration of a projection lens, at least one of comatic aberration, spherical 
aberration, astigmatism, and 3theta aberration is used. It is desirable that aberration is expressed with 
the aberration coefficient of the Zemike polynomials. Furthermore, it is desirable that measurement 
of aberration is performed on the Sanko bundle interference conditions. 
[0011] 

the 2nd description of this invention - (**) the transparence substrate which has the 2nd front face 
which counters the 1st front face and 1st front face, and (**) - let it be a summary to be a photo 
mask equipped with the exposure mark arranged on the 1st front face, and the polarizer which 
countered the exposure mark and has been arranged on the 2nd (Ha) front face. 
[0012] 

According to the 2nd description of this invention, the photo mask which inspects the effect of the 

birefringence of projection optics can be offered. 

[0013] 

the 3rd description of this invention — (**) — the 1st transparence substrate which has the 1st front 
face, and (**) - it is arranged so that the 1st (Ha) front face may be countered with the exposure 
mark arranged on the 1st front face, and let it be a summary to be a photo mask equipped with the 
pellicle which consists of the 2nd transparence substrate which has the 2nd front face, and the 
polarizer which countered the exposure mark and has been arranged on the 2nd front face of (d). 
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[0014] 

According to the 3rd description of this invention, the photo mask which inspects the effect of the 

birefringence of projection optics can be offered. 

[0015] 

In the 2nd and 3rd descriptions of this invention, it is desirable that a polarizer consists of the 1st 
polarizer which polarizes exposure light in the 1st polarization condition, and the 2nd polarizer 
which polarizes exposure light in the different polarization condition from the 1st polarization 
condition. Moreover, it is desirable that the 1st polarization condition is the linearly polarized light. 
Moreover, it is desirable that the 1st polarization condition and plane of polarization intersect [ the 
2nd polarization condition ] perpendicularly mutually. Moreover, the 2nd polarization condition may 
be in the condition of not polarizing. Moreover, it is desirable that it is the wire grid mold polarizer 
with which a polarizer consists of Rhine and a tooth-space pattern. If Rhine of a wire grid mold 
polarizer and the period of a tooth-space pattern are below the wavelength of exposure light, they 
can carry out the linearly polarized light of the light. Moreover, it is desirable that an exposure mark 
contains the aberration measurement pattern of a projection lens. 
[0016] 

[Embodiment of the Invention] 

With reference to a drawing, the gestalt of operation of this invention is explained below. In the 
publication of the following drawings, the same or similar sign is given to the same or similar part. 
However, a drawing is typical and it should care about that the ratio of the relation between thickness 
and a flat-surface dimension and the thickness of each class etc. differs from an actual thing. 
Therefore, concrete thickness and a concrete dimension should be judged in consideration of the 
following explanation. Moreover, of course, the part from which the relation and the ratio of a 
mutual dimension differ also in between drawings is contained. 
[0017] 

The aligner 1 used for explanation of the performance verification approach of the projection optics 
of the gestalt operation of this invention is an aligner (scanner) of a refraction mold as shown in 
drawing^ , and the contraction ratio is setting it to 4:1. as the light source 2 - an argon flora with a 
wavelength of lambda: 193nm - the id (ArF) - excimer laser is used. A fly eye lens, a condensing 
lens, etc. are contained in the illumination-light study system 3. Projection optics 9 is constituted by 
the projection lens 5 and the pupil 6 grade. Exposure light carries out contraction projection of the 
pattern of the photo mask 33 installed on the mask stage 4 between the illumination-light study 
system 3 and projection optics 9 at the wafer 10 on the wafer stage 7. A pellicle 8 is installed in order 
to prevent that dust adheres on a photo mask 33, and it consists of a transparence substrate of the 
same ingredient as a photo mask 33. In addition, as the expedient top of explanation, and an aligner 
1, although the scanner is shown, a stepper etc. is [ other than a scanner ] usable. Moreover, although 
the contraction ratio is set to 4:1, of course, the contraction ratio of arbitration is sufficient. 
[0018] 

As shown in drawing 3 (a), the photo mask 33 concerning the gestalt of operation of this invention 
places upside down the 1st front face 15 protected by the pellicle 8, and is installed in the mask stage 
5 of an aligner 1 . As shown on the 1st front face 15 of a photo mask 33 at drawing 3 (b), the 
aberration measurement units 36a-36i which measure even function aberration, such as odd function 
aberration, such as various kinds of lens distortion of projection optics 9, for example, comatic 
aberration, 3theta aberration, etc., and spherical aberration, and astigmatism, and 37a-37i are 
arranged to the 1st aberration measurement unit field 34 and the 2nd aberration measurement unit 
field 35, respectively. On the 2nd front face 16 of a photo mask 33, as shown in drawing 3 (c), two 
kinds of wire grid mold polarizers are arranged. The periodic direction of the wire grid pattern of the 
1st polarizer 31 which countered the 1st aberration measurement unit field 34, and has been 
arranged, and the 2nd polarizer 32 which countered the 2nd aberration measurement unit field 35, 
and has been arranged lies at right angles mutually. For example, the periodic direction of the wire 
grid pattern of the 1st polarizer 31 is parallel to the side of the longitudinal direction of the photo 
mask 33 shown in drawing 3 (c), and the periodic direction of the wire grid pattern of the 2nd 
polarizer 32 is a direction which intersects perpendicularly with the periodic direction of the wire 
grid pattern of the 1st polarizer 31. 
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[0019] 

The wire grid mold polarizer 1 1 arranged on the 2nd front face 16 of the photo mask 33 concerning 
the gestalt of operation of this invention is Rhine and the tooth-space (last shipment) pattern which 
have periodicity in the predetermined direction, as shown in the top view of drawing 4 (a). As the 
cross-section structure of the periodic direction of the last shipment pattern of the wire grid mold 
polarizer 1 1 is shown in drawing 4 (b), the protection- from-light sections 13a- 13c which consist of 
metal membranes, such as chromium (Cr), on the transparence substrate 12 which consists of a 
transparence quartz are arranged fixed protection-from-light **** of w:20nm, and the fixed period of 
P: lOOnm. The wire grid mold polarizer 1 1 has the function to pass only the linearly polarized light 
light which has the plane of vibration of electric field in the direction of periodic P of a last shipment 
pattern among the light which carried out incidence. 
[0020] 

The photo mask 33 concerning the gestalt of operation of this invention turns the 2nd front face 16 to 
the incidence side of exposure light, and is installed in the mask stage 4 of an aligner 1 . Here, each 
magnitude of the 1st or 2nd aberration measurement unit field 34 and 35 is designed so that it may 
be in agreement with the one-shot exposure field in quiescence exposure of an aligner 1. It carries 
out incidence to the 1st or 2nd aberration measurement unit field 34 and 35, exposure light which 
carries out incidence to a photo mask 33 being used as the linearly polarized light light light and 
plane of polarization cross at right angles mutually with the 1st or 2nd polarizer 31 and 32 first. 
Since the pattern exposed using two linearly polarized light light performs aberration measurement, 
the size of the birefringence of the projection lens 5 of projection optics 9 can be judged. In addition, 
although the 2nd front face 16 which has the 1st and 2nd polarizers 31 and 32 was turned to the 
incidence side of exposure light with the gestalt of operation of this invention, you may install 
towards the outgoing radiation side of exposure light conversely. In case the aberration measurement 
units 36a-36i of a photo mask 33, and 37a-37i are passed, it is because the polarization condition of 
exposure light does not change but only each linearly polarized light component is alternatively 
taken out with the 1st and 2nd polarizers 31 and 32. 
[0021] 

The formation approach of the wire grid mold polarizer 1 1 is the same as the manufacture approach 
of the photo mask used for semiconductor device manufacture. First, as shown in drawing 5 (a), a 
shading film 23 is formed of vacuum evaporationo of metals, such as chromium, etc. on the almost 
transparent transparence substrate 12 to exposure light. Subsequently, a resist is applied to shading 
film 23 front face, a wire grid pattern is drawn with electron-beam-lithography equipment, and of a 
development process, as shown in drawing 5 (b), a resist pattern 14 is formed on a shading film 23. 
Then, as selective etching of the shading film 23 is carried out by the reactive-ion-etching (RIE) 
process etc. and it is shown in drawin g 5 (c), the protection-from-light sections 13a- 13c are formed 
on the transparence substrate 12, and the wire grid mold polarizer 1 1 is produced. Moreover, basic 
structure is Rhine and a tooth-space (last shipment) pattern with the predetermined period P, and the 
mark for aberration measurement used for measurement of the aberration concerning the gestalt of 
operation of this invention as well as the formation approach of the wire grid mold polarizer 1 1 
shown in drawing 5 is produced so that it may mention later. 
[0022] 

As for the photo mask concerning the gestalt of operation of this invention, the aberration 
measurement units 36a-36i including the mark for aberration measurement to which various kinds of 
aberration of projection optics 9 is measured, and 37a-37i are formed on the 1st front face 15 to the 
1st and 2nd aberration measurement unit fields 34 and 35. Further It is formed and produced so that 
the 1st and 2nd polarizers 31 and 32 of the wire grid mold which has the pattern which intersects 
perpendicularly mutually on the 2nd front face 16 may counter. 
[0023] 

The mark for aberration measurement of a lens which these first-in-a-roll artificers showed for 
example, in the patent No. 3256678 official report is used for measurement of the aberration 
concerning the gestalt of operation of this invention. Rhine and a tooth-space (last shipment) pattern 
with the predetermined period P are contained in the mark for aberration measurement. The line 
breadth / periodic ratio of all last shipment patterns are 0.5. The period P is filling the following 
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relation between the coherence factor sigma of an aligner, the exposure wavelength lambda, and the 

projection lens numerical aperture NA. 

[0024] 

3 and lambda/(NA- (1+sigma)) >= P >= lambda/(NA- (1-sigma)) (1) 

(1) The images of a last shipment pattern are the conditions formed of interference of the zero-order 
diffracted light and the primary [ **] diffracted light, and the conditions of a formula are called "3 
Flux of light interference conditions. 1 ' That is, the primary diffracted light does not separate from the 
pupil 6 of projection optics 9, but the conditions on which the 3rd high order more than diffracted 
light does not pass the 6th page of a pupil are meant. Moreover, since the line breadth / periodic ratio 
of a last shipment pattern are set to 0.5, the secondary diffracted light is not generated. In the 
aberration measurement under 3 flux-of-light interference conditions, the sum and the difference of 
the wave-front error in the path of the +primary diffracted light and the wave-front error in the path 
of the -primary diffracted light are measured. 
[0025] 

As shown in drawing 6 (a), the basic structure of the mark for aberration measurement for measuring 
odd function aberration, such as comatic aberration and 3theta aberration, clips all with the exposure 
mark 43 of a pair which are two or more square patterns, and consists of an exposure mark 44. As 
the exposure mark 43 surrounds the last shipment seating-rim pattern 41 of a last shipment pattern 
with a uniform detailed period, and the last shipment seating-rim pattern 41, it has the outer frame 
pattern 42 of Rhine whose width of face is 2 micrometers on a photo mask. As for the detailed last 
shipment pattern of the last shipment seating-rim pattern 41, the period P fulfills the conditions of (1) 
type. The clipping exposure mark 44 has the seating-rim clipping pattern 46 and the outer frame 
clipping pattern 45. It clips with the exposure mark 43, and it is 50 micrometers, and the distance of 
the center to center of the exposure mark 44 is arranged, without overlapping mutually. It is designed 
so that the seating-rim clipping pattern 46 may lap with some last shipment seating-rim patterns 41 
and the outer frame clipping pattern 45 may all cover the outer frame pattern 42, when 50 
micrometers of exposure marks 44 are shifted on a photo mask to the longitudinal direction of 
drawing 6 (a) by clipping with the exposure mark 43 and the core of each square is doubled. 
[0026] 

In measurement of odd function aberration, as shown in drawing 7 , it clips with the exposure mark 
43 of the basic structure shown in drawing 6 (a). Like the exposure mark 44 The 1st rotation 
exposure mark 122 and the 1st rotation clipping mark 125 for which clipped with the exposure mark 

121 and the exposure mark 124 rotated the pair in nothing and the direction of a clockwise rotation 
30 degrees a pair Nothing, Furthermore, the 2nd rotation exposure mark 123 and the 2nd rotation 
clipping mark 126 which made it rotate in the direction of a clockwise rotation 60 degrees are 
making the pair, last shipment seating-rim pattern 121a, outer frame pattern 121b, and seating-rim 
clipping pattern 124a and outer frame clipping pattern 124b are arranged at the exposure mark 121 
and the clipping exposure mark 124. Similarly, the last shipment seating-rim patterns 122a and 123a 
and the outer frame patterns 122b and 123b are arranged at the 1st and 2nd rotation exposure marks 

122 and 123, and the seating-rim clipping patterns 125a and 126a and the outer frame clipping 
patterns 125b and 126b are arranged at the 1st and 2nd rotation clipping exposure marks 125 and 
126. Moreover, as shown in drawing 8 , the 1st exposure mark 61, the 1st clipping exposure mark 64 
and the 2nd exposure mark 62, the 2nd clipping exposure mark 65 and the 3rd exposure mark 63, 
and the 3rd clipping exposure mark 66 are used for measurement of odd function aberration by the 
pair, respectively, here — the 1- the outer frame patterns 61b-63b of the 3rd exposure mark 61-63 — 
the pattern of the same dimension — it is — the 1- the 3rd clipping exposure mark 64-66 is the same 
pattern. The last shipment seating-rim patterns 61a-63a consist of a last shipment pattern with which 
periods P differ within limits which fulfill the Sanko bundle interference conditions of (1) type. 
Furthermore, not only the 1st [ which was shown in drawing 7 ] and 2nd rotation exposure marks 
122 and 123 but the pair of the rotation exposure mark which has arranged the last shipment seating- 
rim pattern to which the period P of a last shipment pattern was changed within limits which fulfill 
the Sanko bundle interference conditions of (1) type is arranged. 

[0027] 

The exposure mark for measuring even function aberration, such as spherical aberration and 
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astigmatism, is a detailed last shipment pattern with which a period P fills the Sanko bundle 
interference conditions of (1) type as shown in drawin g 6 (b), and four kinds, the vertical last 
shipment mark 47, the horizontal last shipment mark 48, the 1st slanting last shipment mark 49, and 
the 2nd slanting last shipment mark 50, become a set. If based on the sense of the period P of the last 
shipment pattern of the vertical last shipment mark 47, the horizontal last shipment mark 48 will 
serve as sense 135 degrees and whose 2nd slanting last shipment mark 50 90 degrees and the 1st 
slanting last shipment mark 49 are 45 degrees, respectively. Moreover, two or more arrangement of 
the exposure mark for even function aberration measurement which consists of a last shipment 
pattern with which periods P differ like the case of odd function aberration within limits which fulfill 
the Sanko bundle interference conditions of (1) type is carried out. 
[0028] 

Thus, two or more odd functions from which a period and the sense differ, respectively in the 1 st and 
2nd aberration measurement units 36a-36i, and 37a-37i, and the exposure mark for even function 
aberration measurement are arranged mutually in near. The array of each exposure mark arranged at 
the 1st and 2nd aberration measurement units 36a-36i, and 37a-37i is made the same. 
[0029] 

Next, the aberration measurement concerning the gestalt of operation of this invention is explained. 
The field of the quiescence exposure by the aligner 1 is the 1st or 2nd aberration measurement unit 
field 34 and 35 shown in drawing 3 (b). The pattern of the exposure mark of the aberration 
measurement units 36a-36i is imprinted on a wafer 10 by the exposure light by which followed, for 
example, the linearly polarized light was first carried out with the 1st polarizer 31 in the 1st 
aberration measurement unit field 34 on a photo mask 33. Then, the pattern of the exposure mark of 
the aberration measurement units 37a-37i is imprinted on a wafer 10 by the exposure light by which 
the linearly polarized light was carried out with the 2nd polarizer 32 in the 2nd aberration 
measurement unit field 35 on a photo mask 33. At this time, it is made mostly in agreement [ the 
relative position of each exposure mark in each relative position of an exposure mark and 2nd / to the 
projection lens 5 / aberration measurement unit field 35 in the 1st / to the projection lens 5 / 
aberration measurement unit field 34 ]. That is, two aberration measurement is carried out about the 
almost same image position. Moreover, since the exposure approach of an odd function and even 
function aberration measurement is carrying out difference, aberration measurement is carried out 
separately, respectively. 
[0030] 

measurement of odd function aberration — the 1st and 2nd aberration measurement unit fields 34 and 
35 — it is alike, respectively, and it receives and double exposure is performed, the case where odd 
function aberration measurement is performed using the exposure marks 61-66 of drawing 8 — for 
example, — first — the 1st exposure — carrying out — next, the wafer stage 7 — the 1- the 3rd 
exposure mark 61-63 and the 1- 12. 5 -micrometer (it is 50 micrometers on photo mask 33) migration 
is carried out, and 2nd exposure is performed in the direction with which the 3rd clipping exposure 
mark 64-66 laps, this double exposure — the 1- the 3rd last shipment seating-rim patterns 61a-63a 
and outer frame patterns 61b-63b of the exposure marks 61-63 — the 1- the 1st - the 3rd resist pattern 
67-69 should pass a development process to imprint on a wafer 10 by pattern by which the part with 
which the 3rd clipping exposure mark 64-66 laps is cut off, and to be shown in drawing 9 — it is 
formed. The last shipment seating-rim resist patterns 67a-69a of the 1st - the 3rd resist pattern 67-69 
turn into a last shipment pattern of the width of face of the seating-rim clipping patterns 64a-66a, and 
the outer frame resist patterns 67b-69b turn into a pattern with a width of face of 0.5 micrometers. 
Similarly, as the exposure mark 121, 1st, and 2nd rotation exposure marks 122 and 123 shown in 
drawing 7 are cut off by the clipping exposure mark 124, 1st, and 2nd rotation clipping exposure 
marks 125 and 126 and it is shown in drawing 10 , the last shipment seating-rim resist patterna 
[ 131 ]-133a and resist pattern [ which consists of outer frame resist patterns 131b-133b ] 131, 1st, 
and 2nd rotation resist patterns 132 and 133 are formed. The last shipment seating-rim resist patterns 
67a-69a as shown in drawing 9 and drawing 10 , 13 la- 133a and the outer frame resist patterns 67b- 
69b, and the relative amount of imprint location gaps of 13 lb- 133b are measured using doubling gap 
test equipment. 
[0031] 
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Next, the relation between the relative amount of imprint location gaps obtained by odd function 
aberration measurement and the amount of odd function aberration is explained. It has the 
periodicity of a period P in the x directions, and the condition of carrying out image formation of the 
last shipment pattern which fulfills the Sanko bundle interference conditions of (1) type by the 
coherent illumination near sigma=0 is considered. Incidence is carried out to a pupil surface 70 so 
that incidence and the primary [ **] diffracted light may make plane of incidence a x-z flat surface at 
right angles to a substrate side as for the zero-order diffracted light when the exposure light from the 
light source 2 carries out incidence to a mask pattern 21 and it diffracts, as shown in drawing 1 1 (a), 
and it may be an include angle theta to the zero-order diffracted light and the zero-order diffracted 
light may be inserted, and image formation of the mask pattern image 22 is carried out on a wafer. 
Here, let the zero of system of coordinates be the ideal image point when the maximum of an 
interference wave appears in the case of an aplanatic lens. Moreover, the amplitude of A 
and**primary diffracted light is set [ the electric vector of each diffracted light which makes the 
travelling direction of light the direction of forward z / E0 El, E-l, and exposure wavelength ] to B 
for the amplitude of lambda and the zero-order diffracted light. Moreover, the phase error of the 
primary [ **] diffracted light is set to phi 1 and phi-1 on the basis of the phase of the zero-order 
diffracted light, respectively. Generally, the electric vector of the light which excluded the time- 
dependent part is expressed with a degree type. 
[0032] 

E = A-exp (i-k-x) (2) 

Here, i of an imaginary unit and k is [ a wave number vector and x ] position vectors. Therefore, the 
electric vector of each diffracted light is expressed with a degree type. 
[0033] 
[Equation 1] 

E0 (x y, z) = A-exp (i-k-z) (3) 

El (x y, z) = B-exp {i- (-k-x-sintheta+k-z-cos theta+phi 1)} (4) 

E-l (x y, z) = B-exp {i- (k-x-sintheta+k-z-cos theta+phi -1)} (5) 

The interference wave I formed on a wafer 

I = |E0 + E1 +E-1|2(6) 

It comes out. (6) If a formula is developed, 

[Equation 2] 

I=A2+2, B-2+2, A-B-cos (S-k-x-phi odd), cos(C-k-z-phi even)+2 and B-2, cos {2- (S-k-x-phi odd)} 
(7) 

Here, since it was easy, replacement of S = sintheta, C = 1-costheta, phieven =/(phil+phi-l)2, and 

phiodd =/(phil-phi-l)2 was used, phieven is an even function aberration component and phiodd is an 

odd function aberration component, if z is fixed and behavior of a x-y flat surface is considered — the 

maximum location of the interference wave near a zero - S-k-x- phiodd = 0 Namely 

x = phiodd/(S-k) (8) 

It is alike and it turns out that it exists. 

[0034] 

The incident angle theta of the primary [ **] diffracted light is between the last shipment pattern 
period P and the exposure wavelength lambda, 
sintheta = Lambda/P (9) 

If it takes into consideration that there is relation to say, it is the relative amount delta x of imprint 

location gaps of a last shipment pattern, 

deltax = P-phiodd/(2andpi) (10) 

It is expressed. 

[0035] 

On the other hand, the outer frame pattern 42 shown in drawing 6 (a) is sufficiently big pattern width 
of face to the exposure wavelength lambda, and the exposure light which passes a projection lens 
passes through the center of a pupil surface 70. Usually, since the center of a projection lens is often 
adjusted, in the center of a pupil surface 70, you may think that wave aberration is 0. Therefore, the 
location of the outer frame pattern 42 cannot change, when the most, but it can be made into a 
location reference mark. That is, odd function aberration phiodd is drawn by the degree type from 
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the relative amount delta x of imprint location gaps measured using doubling gap test equipment. 
[0036] 

phiodd = 2 and pi-delta x/P (1 1) 

Aberration is expressed with the dimension of a phase here. With the notation which makes exposure 
wavelength lambda a unit 
phiodd = deltax/P (12) 

It becomes. This phiodd (R, theta) expresses the odd function component of the wave aberration in 
the coordinate in the pupil surface 70 of the pupil 6 of projection optics 9 (R, theta). A pupil surface 
70 is specified as an unit circle which sets a radius to 1, and the radius vector R of a pupil surface 70 
is 0<=R<=1 . When the last shipment pattern of a period P is exposed, the zero-order diffracted light 
passes through the location where the center of a pupil surface 70 and the primary [ **] diffracted 
light separated only lambda/(P-NA) from pupil surface 70 center in the periodic direction of a last 
shipment pattern. It passes along the inside location where the distance from pupil surface 70 core of 
a diffracted-light passage location separated from the core of pupil surface 70a Rl as a period P 
showed drawin g 1 1 (b) in inverse proportion to the period P of a last shipment pattern, when large, 
and when small, a period P passes along the location of the outside distant from the core in pupil 
surface 70b R2, as shown in drawing 1 1 (c). In other words, the odd fiuiction aberration component 
in (R, theta) on the pupil surface 70 specified by the unit circle is phiodd, and the odd function 
aberration component in (R, theta+180 degrees) is -phiodd. namely 
phiodd(R, theta) = deltax/P (13) 
phiodd(R, theta+180) =-deltax/P (14) 

It becomes. In addition, a radius vector R has the following relation between lambda, P, and NA. 
[0037] 

R = lambda/(P-NA)(15) 

If the above is taken into consideration, odd function aberration component phiodd (R, theta) in the 
location where it differs on a pupil surface 70 will be calculated by measurement of the pattern for 
aberration measurement formed from the exposure mark from which a period P and angle of rotation 
differ. For example, measurement to phiodd (lambda/(P0, NA), 30 degrees) and phiodd (lambda/(P0, 
NA), -150 degrees) of the pattern for aberration measurement with which the period was formed 
from the exposure mark which rotated 30 degrees by P0 = -phiodd (lambda/(P0, NA), 30 degrees) is 
calculated. 
[0038] 

Next, the Zemike aberration coefficient of odd function aberration is computed from calculated 
phiodd. Odd function aberration will be divided into 1 theta component, 3theta components, and 
5 theta components by the next matrix count indicated by 525 pages -534 pages in an optical review 
(OPTICAL REVIEW), the 7th volume, and (2000). 
[0039] 
[Equation 3] 
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Next, a radial function is fitted in 1 theta component of odd function aberration, and 3theta 
components, and it asks for a multiplier. 
[0040] 
[Equation 4] 

phicostheta (R) = a2, Z2(R)+a7 and Z7(R)+al4, and Z14 (R) + ... (17) 
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phisintheta (R) = a3, Z3(R)+a8 and Z8(R)+al5, and Z15 (R) + ... (18) 
phicos3theta (R) = alO and Z10(R)+al9, and Z19 (R) + ... (19) 
phisin3theta (R) = al 1 and Zl l(R)+a20, and Z20 (R) + ... (20) 

an (n is an integer) is the Zernike aberration coefficient of the n-th term, and Zn (R) is the radius 
vector R dependence part of the Zernike polynomials of the n-th term here. Thus, comatic aberration 
a7 and a8, the 3theta aberration alO and al 1, and those high order components al4, al5, al9, and 
a20 are called for. 
[0041] 

Next, measurement of even function aberration is explained. It exposes on the wafer 10 which 
applied the resist, changing a focal location and an imprint location gradually fixing light exposure 
for four sorts of last shipment marks 47-50 shown in drawing 6 (b). Thus, the last shipment resist 
pattern which the focal condition was changed and imprinted it is measured using a scanning 
electron microscope (SEM) etc. The Rhine width of face of each last shipment resist pattern has the 
maximal value according to change of a focal condition. The focal condition that the Rhine width of 
face serves as the maximal value is in the condition that the contrast of the interference wave formed 
in 3 flux-of-light interference serves as the maximum, namely, is a best focus. A best focus is 
determined for each [ a period differs from the sense ] pattern of every. Specifically, the location 
which takes the maximal value of the Rhine width method of a last shipment resist pattern or the 
minimal value of tooth-space width of face turns into a location of a best focus for each [ which was 
set up with a focal location, i.e., an aligner, ] defocusing distance of every. For example, as shown in 
drawing 12 , a pattern is imprinted in the range whose defocusing distance is -0.2-0.4 micrometers, 
and the best focus of the vertical last shipment resist patterns 1 1 la- 1 1 lg is 0.1 micrometers in 
location, the same — the horizontal last shipment resist patterns 1 12a-l 12g, the 1st slanting last 
shipment resist pattern 1 13a-l 13g and the 2nd slanting last shipment resist pattern 1 14a- 1 14g, and 
each best focus — 0 and -0. — it is in the location of the defocusing distance of 1 and 0. Although the 
location which takes the maximal value of the Rhine width method or the minimal value of tooth- 
space width of face was made into the best focus in the above-mentioned example, when light 
exposure is small, it is good also considering the location which takes the minimal value of the Rhine 
width method, or the maximal value of tooth-space width of face as a best focus. In addition, as a 
location of 0, with the outer frame pattern 42 of the exposure mark 43 shown in drawing 6 (a), 
defocusing distance asks for the average best focus location between different patterns beforehand, 
and is set as the criteria location of defocusing of the location, for example. Therefore, the 
defocusing distance of drawing 12 expresses the criteria location of defocusing in the aligner 1 
which uses the condition of 0.0, and the focal location in the case of non-aberration is not necessarily 
expressed. 
[0042] 

Next, a gap of a best focus and the relation of the amount of even function aberration are explained. 
In the formula (7) of the interference wave formed on a wafer of 3 flux-of-light interference, the case 
where a wafer 10 shifts to the travelling direction (the direction of z) of light is considered. Since the 
2nd term of the right-hand side of (7) types which determine contrast has z dependency, the 
conditions used as a best focus are expressed with the following formula. 
[0043] 

C-k-Z- phieven = 0(21) 

That is, amount of gaps deltaz from the case of the non-aberration of a best focus is proportional to 
even function aberration component phieven. Specifically, the incident angle theta of the primary 
[ **] diffracted light can express as follows in consideration of there being relation of (9) types 
between the last shipment period P and the exposure wavelength lambda. 
[0044] 

phieven = C-k-delta z = 2, pi-kappa (lambda, P), and delta z/lambda (22) 

here — kappa (lambda, P) = 1-(1-Iambda2/P2) 1/2 it is . (22) Aberration is expressed by the formula 

by the dimension of a phase. With the notation which makes wavelength a unit 

phieven = kappa(lambda, P) -delta z/lambda (23) 

It becomes. 

[0045] 
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phieven (R, theta) expresses the even function component of the wave aberration in the coordinate in 
a pupil surface of the projection lens 5 (R, theta). In other words, the even function aberration 
component which can be set is phieven on (R, theta) (R, theta+180 degrees) the pupil surface 70 
specified by the unit circle, namely 
[Equation 5] 

phieven(R, theta) = phieven(R, theta+180 degrees) = kappa(lambda, P) -delta z/lambda (24) 

If the above is taken into consideration, even function aberration component phieven (R, theta) in the 

location where it differs on a pupil surface 70 will be calculated by measurement of the last shipment 

resist pattern formed from the exposure mark from which a period P and an include angle differ. 

From measurement of the last shipment resist pattern with which the period was formed from the 

mark which rotated 45 degrees by P0, 

[Equation 6] 

phieven (lambda/(P0, NA), 45 degrees) = phieven (lambda/(P0, NA), -135 degrees) (25) 

******** w ✓ . , 

[0046] 

Next, the Zernike aberration coefficient of even function aberration is computed from amount of 
gaps deltaz of a best focus. Even function aberration is divided into Otheta component phisym (R) 
and 2theta component phicos2theta (R), phisin2theta (R), etc. by the next matrix count indicated by 
the above-mentioned optical review. 
[0047] 
[Equation 7] 
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(26) 



Next, a radial function is fitted in Otheta component phisym (R) and 2theta component phicos2theta 
(R) and phisin2 theta (R), and it asks for a multiplier. 
[0048] 
[Equation 8] 

phisym (R) = a4 and Z - al6, and 4(R)+a9 and Z9(R)+Z16(R)+ ... (27) 
phicos2theta (R) al2, and = a5 and Z5(R)+Z12(R)+ ... (28) 
phisin2theta (R) al3, and = a6 and Z6(R)+Z13(R)+ ... (29) 

Thus, spherical aberration a9, astigmatism a5 and a6, and those high order components a 16, a 12, and 
a!3 are called for. In addition, in the argument to (21) - (25) type, although the amount of gaps of the 
best focus to the case of an aplanatic lens is set to deltaz, in actual measurement, the best focus in the 
case of the lens of non-aberration is unknown, then -- drawing 12 — an example -- taking -- having 
explained — as — being suitable — defocusing — a location — defocusing — criteria — a location — ** 

- carrying out - it — receiving — the best - a focus — a gap — an amount — delta — z — ' ~ delta — z 

- instead of - using it — ******** . Although the multiplier a4 showing defocusing will change if 
(26) and (27) types are calculated using amount of gaps deltaz 1 of a best focus, other multipliers a5 
and a6 and a9 grade showing even function aberration do not change. Therefore, even if it uses 
amount of gaps deltaz 1 of a best focus, measurement of even function aberration is possible. 
[0049] 

The performance verification approach of the projection lens concerning the gestalt of operation of 

this invention is explained according to drawing 1 . 

[0050] 

(b) It is first equipped with the wafer 10 which applied a photo mask 33 and the 1st resist on the 
wafer stage 7 of an aligner 1 . Double exposure is performed using the exposure mark for odd 
function aberration measurement which is step SI 01, for example, was shown by the 1st drawing 6 
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(a) , drawing 7 , and drawin g 8 of the aberration measurement unit field 34, and each last shipment 
pattern is imprinted by the 1st resist on a wafer 10 with the exposure light by which the linearly 
polarized light was carried out with the 1st polarizer 31. The amount delta x of strike slips is 
measured after the development of the 1st resist from a last shipment resist pattern as shown in 
drawing 9 and drawing 10 . 

[0051] 

(b) An aligner is equipped with the wafer 10 which applied the 2nd resist. Each last shipment pattern 
is imprinted by the 2nd resist on a wafer 10 with the exposure light by which the linearly polarized 
light was carried out with the 1st polarizer 31, changing a focal location and an imprint location 
fixing light exposure at step SI 02 using the exposure mark for even function aberration measurement 
shown in draw ing 6 (b) of the 1st aberration measurement unit field 34. Amount of best focus gaps 
deltaz is measured from a last shipment resist pattern as shown in drawing 12 after the development 
of the 2nd resist. 

[0052] 

(c) At step SI 03, the 1st Zernike aberration coefficient is computed from the amount delta x of strike 
slips by the exposure light by which the linearly polarized light was carried out with the 1st polarizer 
31, and amount of best focus gaps deltaz. For example, the Zernike multipliers a5 and a6 of 
astigmatism and the Zernike multiplier a9 of spherical aberration are computed as odd function 
aberration as the Zernike multipliers a7 and a8 of comatic aberration, the Zernike multipliers alO and 
al 1 of 3theta aberration, and even function aberration. 

[0053] 

(d) Next, an aligner is equipped with the wafer 10 which applied the 3rd resist at step SI 04. Double 
exposure is performed using the exposure mark for odd function aberration measurement shown by 
the 2nd d rawing 6 (a), drawing 7 , and drawing 8 of the aberration measurement unit field 35, and 
each last shipment pattern is imprinted by the 3rd resist on a wafer 10 with the exposure light by 
which the linearly polarized light was carried out with the 2nd polarizer 32. The amount delta x of 
strike slips is measured after the development of the 3rd resist from a last shipment resist pattern as 
shown in drawing 9 and drawing 10 . 

[0054] 

(e) An aligner is equipped with the wafer 10 which applied the 4th resist. Each last shipment pattern 
is imprinted by the 4th resist on a wafer 10 with the exposure light by which the linearly polarized 
light was carried out with the 2nd polarizer 32, changing a focal location and an imprint location 
fixing light exposure at step SI 05 using the exposure mark for even function aberration measurement 
shown in drawing 6 (b) of the 4th aberration measurement unit field 35. Amount of best focus gaps 
deltaz is measured from a last shipment resist pattern as shown in drawing 12 after the development 
of the 4th resist. 

[0055] 

(**) At step SI 06, the 2nd Zernike aberration coefficient is computed from the amount delta x of 
strike slips by the exposure light by which the linearly polarized light was carried out with the 2nd 
polarizer 32, and amount of best focus gaps deltaz. The Zernike multipliers a5 and a6 of astigmatism 
and the Zernike multiplier a9 of spherical aberration are computed as odd function aberration like 
step 103 as the Zernike multipliers a7 and a8 of comatic aberration, the Zernike multipliers alO and 
al 1 of 3theta aberration, and even function aberration. 
[0056] 

At the (g) step SI 07, the difference of the 1st [ which was computed ] and 2nd Zernike aberration 
coefficients is searched for. From the Zernike aberration coefficient difference searched for, at step 
SI 08, the engine performance of the projection lens 5 is judged and sorting of the projection lens 5 is 
performed. 
[0057] 

The Zernike aberration coefficient differences are indicated to be the 1st and 2nd Zernike aberration 
coefficients computed as inspection 1 and 2 to drawing 13 . If the birefringence of the projection lens 
5 is fully controlled, there will be no difference between the result of inspection 1, and the result of 
inspection 2. On the other hand, when the birefringence of the projection lens 5 is large, since the 
effectual aberration of the projection lens 5 changes according to the polarization condition of light, 
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the measurement results of two exposure which changed and exposed the polarization condition of 
exposure light differ. In drawing 13 , it can be said that the birefringence with big those of the 
Zernike aberration coefficient by which the Zernike aberration coefficient difference searched for by 
two inspection was measured by inspection 1 with 10% or more and projection lens 5 is shown. 
[0058] 

If a projection lens does not show a birefringence, the polarization condition of injection light is the 
same as the polarization condition of incident light. On the other hand, when the quality of the 
material which shows a birefringence is used, the polarization condition of incident light and 
injection light changes. When incidence of the polarization light is carried out to the light 
transmission nature ingredient in which a birefringence is shown, the polarization condition of 
injection light is expressed with a degree type. 
[0059] 
[Equation 9] 
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Here, (Ep, Es) are the Jones (Jones) matrices [ concerning / M / the optical path in a light 
transmission nature ingredient ] concerning [ the p-polarized light component of the electric field 
vector of incident light and an s-polarized light component, and (Ep', Es') ] the p-polarized light 
component and s-polarized light component of an electric field vector of outgoing radiation light. 
[0060] 

The fluorite used as an ingredient of the lens of an aligner 1 changes in the magnitude of a 
birefringence with crystal orientation. Therefore, change of the polarization condition which changes 
with paths along which exposure light passes will be received. The matrix M of 2x2 defined in the 
point of the arbitration on a pupil 6 can express this condition. Matrix M serves as a function of a 
pupil coordinate and an image surface coordinate. Moreover, when considering the image formation 
in one certain image point, Matrix M serves as a function of a pupil coordinate. 
[0061] 

In an aligner 1, the diffracted light which carried out outgoing radiation from the photo mask 33 
carries out incidence to the projection lens 5, and the light which passed the projection lens 5 reaches 
a wafer 10. On wafer 10 front face, an image is formed of interference of the two or more flux of 
lights. In interference of the flux of light, the polarization light which intersect perpendicularly 
mutually does not interfere and they do not produce the contrast of an image. Therefore, when the 
light in which it interferes is in a mutually different polarization condition, the contrast of an image 
falls and normal pattern formation becomes difficult. 
[0062] 

Here, the image formation by 2 flux-of-light interference is taken for an example, and the effect of a 
birefringence is explained. As shown in drawing 14 , the exposure light B polarizes, is diffracted by 
the polarizer and last shipment exposure mark of a photo mask 33, and serves as the 1 st and the 2nd 
c polarization beam of light Bl, and B-2. path in the projection lens 5 in which the 1st which was in 
the reinforcement same before carrying out incidence to a projection lens, and a polarization 
condition and the 2nd polarization beam of light Bl, and the two flux of lights of B-2 are another — 
passing — the same plane-of-incidence (x-z flat surface of drawing 14 ) top ~ and the condition of 
carrying out incidence is expressed with wafer 10 front face from the include angle to which only the 
include angle theta inclined to the normal of a wafer 10. Here, the 1st which carries out incidence 
and the 2nd polarization beam of light Bl, and the polarization condition of B-2 are written using a 
component (p-polarized light component) parallel to plane of incidence, and a component (s- 
polarized light component) perpendicular to plane of incidence on wafer 10 front face. Suppose that 
the polarization condition of the 1st polarization beam of light Bl and the polarization condition of 
2nd polarization beam-of-light B-2 are expressed like (E2p, E2s), respectively (Elp, Els), p If phase 
contrast of polarization and s-polarized light is set to phigammab (gamma is 1 or 2), it is p of the 
electric field vector of light. A polarization component and an s-polarized light component are 
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expressed as follows. However, the term of a time-dependent was omitted. 
[0063] 

Egammap = Agammap-exp {i- (kgamma and x+phi gamma+phigammab / 2)} (31) 

Egammas = Agammas-exp {i- (kgamma and x+phi gamma-phigammab / 2)} (32) 

phigarnma expresses the average phase of s-polarized light and a p-polarized light condition, i is an 

imaginary unit and x is a position vector. AgammapAgammas expresses the amplitude of the p- 

polarized light component of electric field, and an s-polarized light component, respectively. A wave 

number vector is expressed and k gamma is specifically expressed with a degree type. 

[0064] 

kl = 2 and pi/lambda (sintheta, 0, costheta) (33) 
k2 = 2 and pi/lambda (-sintheta, 0, costheta) (34) 

Consideration of that the p-polarized light light and s-polarized light light comrades and the plane of 
vibration of electric field cross at right angles mutually do not interfere of the interference wave I in 
a wafer front face expresses it with the sum of the interference wave Ip of p-polarized light, and the 
interference wave Is of s-polarized light under such conditions, namely 
[Equation 10] 

Ip = |E1 p+E2p|2 = |Alp|2+|A2p|2+2 and Al p-A2p- (2 and k-x-sin theta+delta phi+deltaphib) 
(35) 

Is = |E1 second+E2s|2 = |Als|2+|A2s|2+2 and Al second- A2s- (2 and k-x-sin theta+delta phi- 

deltaphib) 

(36) 

I = Ip+Is 

= Il+I2+Ap-cos(2 and k-x-sin theta+delta phi+deltaphib)+As-cos (2 and k-x-sin theta+delta phi- 
deltaphib) (37) 

However, II and 12 are [ the amplitude of the interference wave of p-polarized light light, and As=2 
and A 1 second- A2s of the reinforcement of a beam of light 1 and a beam of light 2, and Ap=2 and 
Al p-A2 p-cos (2andtheta) ] the amplitude of the interference wave of s-polarized light light, 
respectively, k is the magnitude of a wave number vector, the phase contrast of the two flux of lights 
with delta phi=phi l-phi2 [ unrelated to polarization ], and the phase contrast of the two flux of lights 
which depended for deltaphib=phi 1 b-phi 2b on the magnitude of polarization. Moreover, aberration 
differs for every interference wave and they are the aberration of a p-polarized light component, and 
the aberration of an s-polarized light component, 
phi p=delta phi+deltaphib (38) 
phi s=delta phi-deltaphib (39) 
It becomes. 
[0065] 

The aberration phi as the whole image can be approximated by the degree type using aberration phis 
of the oscillating component As of aberration phip of the oscillating component Ap of the 
interference wave of p-polarized light, and p-polarized light, and the interference wave of s-polarized 
light, and s-polarized light. 
[0066] 

[Equation 11] 

phi**(Ap-phip+As-phis)/(Ap+As) = delta phi+deltaphib and (Ap-As)/(Ap+As) (40) 
Ap and As are values decided by the polarization condition of the two flux of lights, and they are the 
magnitude of each component of the vector which imposes the matrix M depending on a pupil 
coordinate on the vector showing the polarization condition of incident light, and is acquired as 
shown in (30) types, namely, the polarization condition of the light which carries out incidence of the 
polarization condition of the two flux of lights to the projection lens 5 — it changes. Therefore, 
before carrying out incidence to the projection lens 5, the effects of aberration to the image of the 
10th page of a wafer differ by changing the polarization condition of light. That is, the value of the 
aberration which measured and asked for the resist pattern for aberration measurement formed in the 
10th page of a wafer changes according to the polarization condition of the light by the side of 
incidence. When the birefringence of the projection lens 5 is sufficiently small, the polarization 
condition of the light which passes the projection lens 5 does not change. At this time, Matrix M 
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turns into a unit matrix by the pupil coordinate. Therefore, since it is phil b=phi 2b and deltaphib=0, 
it is not based on the polarization condition by the side of incidence, but phi of (40) types becomes 
fixed. That is, if the value of the aberration which measured and asked for the resist pattern for 
aberration measurement formed in the 10th page of a wafer does not change with the polarization 
conditions of the light by the side of incidence, it can judge with the birefringence of the projection 
lens 5 being sufficiently small. 
[0067] 

Here, although explained taking the case of 2 flux-of-light interference, the argument with the same 
said of the case of 3 flux-of-light interference is realized. That is, the size of the birefringence of the 
projection lens 5 can be investigated by changing the polarization condition of incident light, and 
exposing and carrying out aberration measurement. 
[0068] 

(Gestalt of other operations) 

As mentioned above, although the gestalt of operation of this invention was indicated, if this 
invention is limited, he should not understand the statement and the drawing which make a part of 
this indication. The gestalt, example, and employment technique of various alternative 
implementation will become clear to this contractor from this indication. 
[0069] 

Although the 1st and 2nd polarizers 31 and 32 of a wire grid mold were arranged in parallel with the 
end face of a photo mask 33, the photo mask 33 concerning the gestalt of operation of this invention 
The 1st and 2nd aberration measurement unit field 34a which are arranged at 1st surface 15a of 
photo-mask 33a as shown in drawing 15 , The direction of the pattern of the wire grid mold of the 
1st and 2nd polarizers 161 and 162 arranged at 2nd surface 16a so that 35a may be countered may be 
arranged so that it may intersect perpendicularly with different slanting sense mutually to a photo- 
mask 33a end face. Even in such a case, since the linearly polarized light which intersects 
perpendicularly mutually with the 1st and 2nd polarizers 161 and 162 is acquired, it cannot be 
overemphasized that the same effectiveness as the gestalt of operation of this invention is acquired. 
[0070] 

Moreover, as shown in drawing 16 , you may be the structure which counters 1st aberration 
measurement unit field 34b of 1st surface 15b of photo-mask 33b, arranges a polarizer 172 to 2nd 
surface 16b, and does not arrange a grid mold polarizer in the field of 2nd surface 16b which 
counters 2nd aberration measurement unit field 35b. In this case, inspection is conducted from the 
difference of the aberration of the projection lens 5 according to the condition of polarization light 
and unpolarized light. 
[0071] 

Moreover, in the gestalt of operation of this invention, although the wire grid mold polarizer is 
arranged on the 2nd front face 16 of a photo mask 33, a wire grid mold polarizer may be arranged 
not on the photo mask 33 but on the pellicle 8. As shown in drawing 17 (a), pellicle 8a is installed 
for dust antisticking to photo-mask 33c. As photo-mask 33c is shown in drawing 17 (b), the 1st and 
2nd aberration measurement unit fields 34c and 35c are arranged at 1st surface 15c. The 1st and 2nd 
polarizers 31a and 32a are arranged in the location which counters the 1st [ of 1st surface 15c on 
pellicle 8a ], and 2nd aberration measurement unit fields 34c and 35c, as shown in drawin g 17 (c). 
Pellicle 8a is the structure where the protection- from-light sections 19a- 19c of protection-from-light 
**** w \have been arranged the period P of a last shipment pattern on the same transparence 
substrate 1 8 as photo-mask 33c, as shown in drawing 18 . Since the polarization condition of the 
exposure light which penetrates photo-mask 33c does not change, even if a wire grid mold polarizer 
is on a pellicle 8, it cannot be overemphasized that the same effectiveness as the gestalt of operation 
of this invention is acquired. In addition, the 1st and 2nd polarizers 31a and 32a of the same 
effectiveness being acquired even if it is the field which counters photo-mask 33C of pellicle 8a, or 
its opposite field are natural. 
[0072] 

Furthermore, in the gestalt of operation of this invention, although the odd function aberration of 
comatic aberration and 3theta aberration, and spherical aberration and the even function aberration of 
astigmatism are used as aberration of the projection lens 5, if there is any one among four sorts of 
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aberration at least, a forward inspection of a projection lens is possible. Or of course, one side may 
be used among odd function aberration and even function aberration. Moreover, as for the aberration 
measurement approach of the projection lens 5, it is needless to say that not only the approach used 
for explanation but an option is applicable. 
[0073] 

Thus, as for this invention, it is needless to say that the gestalt of various operations which have not 
been indicated here etc. is included. Therefore, the technical range of this invention is appointed only 
according to the invention specification matter which starts an appropriate claim from the above- 
mentioned explanation. 
[0074] 

[Effect of the Invention] 

According to this invention, the inspection approach of projection optics of carving the effect of a 

birefringence with other image degradation factors, and inspecting it can be offered. 

[0075] 

Moreover, according to this invention, the photo mask used for the inspection approach of projection 

optics can be offered. 

[Brief Description of the Drawings] 

[D raw ing 1] It is the flow chart used for explanation of the inspection approach of the projection 
optics concerning the gestalt of operation of this invention. 

[Drawing 2] It is the outline block diagram of the aligner concerning the gestalt of operation of this 
invention. 

[Drawing 3] It is drawing explaining an example of the configuration of the photo mask concerning 
the gestalt of operation of this invention. 

[Drawing_4] It is drawing explaining an example of the structure of the wire grid polarizer 
concerning the gestalt of operation of this invention. 

[Drawing 5] It is the production process Fig. of the wire grid polarizer concerning the gestalt of 
operation of this invention. 

[Drawing 6] It is drawing showing the pattern of the aberration measurement exposure mark 
concerning the gestalt of operation of this invention. 

[Dr awing 7] It is drawing showing the pattern of the odd function aberration measurement exposure 
mark concerning the gestalt of operation of this invention. 

[Drawing 8] It is drawing showing other patterns of the odd function aberration measurement 
exposure mark concerning the gestalt of operation of this invention. 

[Drawing 9] It is drawing explaining the resist pattern for the odd function aberration measurement 
concerning the gestalt of operation of this invention. 

[ Drawin g 10] It is drawing explaining other resist patterns for the odd function aberration 
measurement concerning the gestalt of operation of this invention. 

[D rawin g 1 1] It is drawing explaining the diffracted light which passes the pupil surface concerning 
the gestalt of operation of this invention. 

[Drawing 12] It is drawing explaining the resist pattern for the even function aberration measurement 
concerning the gestalt of operation of this invention. 

[Drawing 13] It is drawing showing the measurement result of the Zemike aberration coefficient 
concerning the gestalt of operation of this invention. 

[Drawing 14] It is drawing explaining 2 flux-of-light interference concerning the gestalt of operation 
of this invention. 

[Drawing 15] It is drawing explaining an example of the configuration of the photo mask concerning 
the gestalt of operation of others of this invention. 

[Drawing. L6] It is drawing explaining other examples of the configuration of the photo mask 
concerning the gestalt of operation of others of this invention. 

[Drawing 17] It is drawing explaining an example of the configuration of the photo mask concerning 
the gestalt of operation of others of this invention, and a pellicle. 

[Drawing 18] It is cross-section structural drawing of the pellicle concerning the gestalt of operation 
of others of this invention. 
[Description of Notations] 
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1 Aligner 

2 Light Source 

3 Illumination-Light Study System 

4 Mask Stage 

5 Projection Lens 

6 Pupil 

7 Wafer Stage 

8 8a Pellicle 

9 Projection Optics 

10 Wafer 

1 1 Wire Grid Polarizer 

12 18 Transparence substrate 

13a- 13c, and 19a-19c Protection-from-light section 

15, 15a-15c The 1st front face 

16, 16a- 16c The 2nd front face 

21 Mask Pattern 

22 Mask Pattern Image 

31, 31a, and 161 The 1st polarizer 

32, 32a, and 162 The 2nd polarizer 

33, 33a-33c Photo mask 

34, 34a-34c 1st aberration measurement unit field 

35, 35a-35c 2nd aberration measurement unit field 
36a-36i, and 37a-37i Aberration measurement unit 

41, a [ 61 ]-a [ 63 ], 121a - 123a last shipment seating-rim pattern 

42, 61b-63b, and 121b-123b Outer frame pattern 

43 Exposure Mark 

44 Clipping Exposure Mark 

45, 64b-66b Outer frame clipping pattern 

46, 64a-66a Seating-rim clipping pattern 

47 Vertical Last Shipment Pattern 

48 Horizontal Last Shipment Pattern 

49 1st Slanting Last Shipment Pattern 

50 2nd Slanting Last Shipment Pattern 

51, 67b-69b, and 13 lb- 133b Outer frame resist pattern 

52, a [ 67 ]-a [ 69 ], 131a - 133a last shipment seating-rim resist pattern 
53 Resist Pattern 

61,121 1 st exposure mark 

62 2nd Exposure Mark 

63 3rd Exposure Mark 

64,124 1st clipping exposure mark 

65 2nd Clipping Exposure Mark 

66 3rd Clipping Exposure Mark 
67,131 The 1st resist pattern 

68 2nd Resist Pattern 

69 3rd Resist Pattern 

70, 70a, and 70b Pupil surface 

81 1st Vertical Last Shipment Mark 

82 1 st Horizontal Last Shipment Mark 

83 2nd Vertical Last Shipment Mark 

84 2nd Horizontal Last Shipment Mark 
91a-91e 1st vertical last shipment resist pattern 
92a-92e 1st horizontal last shipment resist pattern 
93a-93e 2nd vertical last shipment resist pattern 
94a- 94e 2nd horizontal last shipment resist pattern 
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1 1 1 a- 1 1 1 g Vertical last shipment resist pattern 
1 1 2a- 1 12g Horizontal last shipment resist pattern 
1 1 3a- 1 13g 1st slanting last shipment resist pattern 
1 1 4a- 1 14g 2nd slanting last shipment resist pattern 

122 1st Rotation Exposure Mark 

1 23 2nd Rotation Exposure Mark 

125 1st Rotation Clipping Exposure Mark 

1 26 2nd Rotation Clipping Exposure Mark 

132 1 st Rotation Resist Pattern 

133 2nd Rotation Resist Pattern 
172 Polarizer 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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c w * m i 9 ] 

fg 1 1 ©jgtPigS i: , 

striH^ i (ommicmwz txfz&K^- ? t . 

MiBSg2©*ffi£MI3&ft^-?lc#p!aLTBBB£nfc{iiift^ 

im&m 2 o ] 

iWK«ft?#, Bftft^sioiiftttM^aftrsiBioa^^fc, 20 

iuSB&ftftSrMfBSfl l ODttti i: (iSS 5 fi^«ffi t 51 2 ©S«? 

t4«64*ct*1fai:tSII*ai 9 lc IB « © 7 * h v x * „ 
[ If * J£ 2 1 ] 

mmm 1 in^tssc tz<&mttzm&m2 o k: is « © 7 * h v x 

* o 

[If 5R« 2 2 ] 

m 12 m 2 © (i ft « gg # , iw ib s§ i <Dmytftm£ffiytmffM^\cw.3z-?zc t * w « t -r § 

8*920Xtt2 ltClB^«7^-hTX^ 0 

[ii*3S 2 3 ] 

MrffiiB2©«ft#«*<, iI)iS«!g?Jb5C t%1${Si:t5IS*5 2 0Xtt2 1 K IB « © 30 
7 * Y v X * o 
[If #JS 2 4 ] 

fu SB ® ft ? ^VT'^FX^-X/^-y.fcO&SCt^W^t-rSif*^! 9 — 2 
3<D^f 1 fC IB * © 7 * hvx^„ 
[ if * Of 2 5 ] 

«i:-f5Bl3ii*2 4 K IB «S © 7 * bvx^o 
CW#* 2 6 ] 

m IB as ft v - * # , laeu^xoiRaw-ii^* — ^s^tfcfc^wat-rsai*?!! 9 - 

2 5©^f n*M l^!Bi«7* l-?X»„ 40 
[5SJB©P»lfcgHfln 

[ 0 0 0 1 ] 

[fgwoM-rs&flrj^in. 

[ 0 0 0 2 ] 

[ * © a 85 ] 

^iftf/WXi&IitSv^-yofi'hSi, « * h an a * * * » ft t , c * - > 

So 8ft&g©g'M8&«88ti:, »ft»SA;fttf«ieix>;C©HJpft ( N A ) T-aJ5, 50 
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<£ o urn* z - > % fcibi,ct,*mye& & \ zmwi&it l , n a * & * -t ni£ <* v 
<, c<Dmm<Dtztb\c &ytyt<DM&&ittfm#>c>tn:^z 0 k^t* itr )i> =t > 7 u ? ^ f 

(ArF) l^->7U-fgitlI (A=l 9 3nm) 51 ffHt £ *l ^ Jft77lflX ( 
F 2 ) i+^vu-f g^«g (A=l 5 7nm) 2& ^ ft <D §f| ffl ft £ @ tile P*1 f§ # fr fc> 
ft T V S . 1 9 3 nm«TOiSiIt')l£Uy?77^ffll/>XiLTffflTt5^?«Sti 
lltfffi^ntli!), 5i£<D&fl5T*{ii&mi 9 3nmO*Klil5 (7 'yftA^i") A* 
H ) i:rSIl!63ltftefflT-££>tf, iS 1 5 7 n mO^lcMLTBf 5 Lfrf? C ttf T- 

# ft l^o 

[ 0 0 0 3 ] 

ft®.tfyt<Dmytvimic£-DT^<t? %o mmm^h % t , #j * ss ^ ft <o <« ^ « «i c* i: k 

S ft 3 fi^ Jc £ S3 .£ c h lc J: -=> T ft # # It , ^^^h^Xh^^^^AMfiTbT, ?£ Jffl 
[ 0 0 0 4 ] 

lEtt»fioeil*fiCtt««**4«IJfSt.oCifl(*20»!(S*6|i|l|Lft 0 t 
ft to ^ , M5^^atff^^^^t/^Stt^^tt73lfi]{ci:-DTb^X*iijfiLfci: LTt, 
«tti:f fTfS^77liil(cifl?*Kto^t(iiB»r*it„ c<D*S3l, (E?t ^ * # - 
> # ?8 *ffl T & ft & 3 fi £ > ftffl£¥fTT-ftl^;SftK£<<Ole]STfttffg£L, « J3 #r £> » 

«50U^Xf, ^n^n©^B^^73[nl?:Si/>tc^ATBeMt--5Ci:(i:J:oT, «B#r£> 
^S^rSSSaffllSLfc^^^O^SSfC^WTb^^Lfct) L ft J: 5 fc T* # 3 „ LA 1 L, 

[ 0 0 0 5 ] 

[fgW*^?*L«fca ttSII] 

n tf * 6 ft ^ a* . tt^os&ftwasfSttsaiTfc^n^aiiasfcfcfecaiELT^s^H^ 
^ m # # e> ft ft t>> „ ¥mi*7*'*jx<DmMit<Dittoicmmffi<D>bz^i'>'X%i9i&yt¥& 

[ 0 0 0 6 ] 
[ 0 0 0 7 ] 

o 

[ 0 0 0 8 ] 

- ± K ^ ft £ ft U v> X MC 7 * l>7X^I)iv-^%t5?LtSR)ltflCS 1 <D 40 
^^^tt^^iiSXf'yT't, (n) i 1 O8«)tii^«®^a5;5S2(08)t)tT"7 
x - t\ ± \Z m ft * ft $r Ac ft U S> X MC 7 * hvX^Ogf T-^^6?LTSR)tf « 

[ 0 0 0 9 ] 

* fg fPl <D IB 1 © * fc: <fc ft fcT , *a*r©M****SSI6ft¥?£©*aEJ5f&*«tt-r5 
C # T' $ 3 o 
[0010] 

*«W<0*l©«p«»cfct^T, SB 1 <DISftft#\ ISDtfiKttfiJH^. Sfc, 

SB 2 <D«3ttJfc#, SlOKftftOfflJfcfctta-rSfflftTyfcSilfca^SL^. 3; ft , IB 2 50 
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ftttlCfc t> tttf ttiiJ2ft, iSKftf^Ottffi^S^frbtiS. lift, SSftfttf, ^ 

%aaLTt.aftL4^ft*T?J6S. $ft, Jtt*«rtttf, )SR«¥IOfiK U V XcDiKM 
T*iCi:#)ffJl^. S^U^XcoiKMtis eSffiUXM, #AiRtt, 3 eiRS 

[001 1 ] 

#fgfE<DSS2<Dl$M«, (f) I 1 oaBStfg 1 iDgI(c3!flfilt5S2CiIEiS:tt5 10 

mmmfot. (p) si<DSiicEisnftB)f7-^i:, (a) I2o*ici«t- 

[00 l 2 ] 
[ 0 0 l 3 ] 

#«ifl©SB3©W«tt» iKOtl^ttSllOSniii:, ( a ) SB l © * ffi 

(cgaSSftftfSftv-^i;. (/n) SlO*SK3tl»)tSJ:^li:EI«n > If! 2© SB £ 
StSSZOlfllfi^SSS^iJi'^fc, ( ) ^2<D^ffi(cS^v-^(c^lRjLTE 
iJnftl^f t^«^57* hVXi-t$SC t^Sg^tSo 20 
[0014] 

2fcf8«BOJB3©WfRK:J:ntf, SK)tf loaiJrOii*^4t57* hvx^lft 
[0015] 

644:t*ijfJU\ * l <0ffl)tttt»««, i*i*T»5Ci:*«»Sb^ t S ft 

, JB2©fflfttt«*«, ^ 1 ©i^ttltDtl^l^tit^tsct^Sf* L^. $ ft , 
*2 0fi««8 ! !i' ( JllJl6«tt'e»oTfeJ;^. $ ft » m K J- , 7-f>7>FX^-X 

t£-&* c ttfivis left, e^l^^X^iRHW-S'J/^-^^^tyct^ 

[00 l 6 ] 

[ & m <r> n ffi <d m m l 

, lig - $ ft « S <H © SB # tc tt ffi — SftttSftlOf §*H>f {I L , 0 ® « Hi W & 

t © t- & »j , m& tw-m^mt<om%, & m v> m <o ttm m it mm <d $> <d t & m % z> c t 
icgm-? x- & % 0 l ft # o r , & m * tj- & « ht © ujb^ * # #j l t mm ? ^ 

£-fc©T-<fc£o Sft0lS*BSrac^l/>T«>S^(O>J-jS©BI^ J f>Jt^* ,s S*SBP»A'-g-Sn 40 

t^5c £ « ^ m v $> z> „ 

[00 l 7 ] 

t * 5 temffimvmyt&m. ( x * ■* ) t* > « /hit « 4 : i tin^. )t w 2 t lt« 

1 J : 1 9 3nm©T;l/d p >'7P5-l'K ( A r F ) i + ->Yl/- +F # ffl l/^ 6 ft £ „ Kg fjf ft 

iI6 9£J: »3i^jnT^§. Bftftfi, SB^?l3tS^«fl9i:C^ 
©^X^X-r-vMJitc^MSftft?* h v X ^ 3 3 © £ — > £r , 'Ji-AXr-v'y 

± © ^ x - / w o tc *g /h *g ie -r 3 0 ^ujjms, 7* h-rx^ 3 3 ±i;itf#t ts© 

^rKlh-rSftibfCaSg^ft. 7* h7X>3 3tHi;«fioa«I*fr545, & £> , 50 
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HtfifflRiiT-*5 0 S ft , IS 'b it * 4 : ltlT^**, ft j£ <0 m /Jn It T? t> <fc f» c £ tt 
H T- & § o 
[0018] 

*IIW<DH8l<DJgiHc{f£:7*hvX^3 3«, 0 3 (a) Knk? £ 5 K . 1 <0 

?X^Xf-^5IC, 8 t'SItnft^ 1 ©SI t 5*T|6ltCLT^IStl5 

0 7th?X^3 3CIK01I1 5±Kli> 03 (b) jjs "T ± •? £ , fi»7t^l9<D 

g*©fflM*iRM*tt«|-r*iK3W-il!j:i=.y h 3.6 a~3 6 i SO* 3 7 a~3 7 i , * 
ft ^ ft SB 1 © HX M ft )IJ a X >y 4&t>'SB2©lRMff-IiJ:iX-y h ^ i« 3 5 tc IE M 2 ft 10 

t^5„ 7* hvX^ 3 30S2©SI 1 6±C(i, 03 (c) IC "T J; 3 lc , IlSO 
-y KSDtf tfffil^nSo SB 1 O IR M It i»J 3. - -v h * tt 3 4 K»[SlLtffiI 
£ftftSBl©Sft?3 1 £ , SB 2 O IR M ft iW i - y h ffi 3 5 tC^[6]LTg2@? ft ft SB 2 
3 2©7-ft?'J7 F^^-^OSi^lSlli, S (/•> (C it 3? L T 5 0 0>J A f£ . IB 

1 3 HD7^ + yj7F^ f-><Dmmfifa f± , 03 (c) lC*t7t hvx* 
3 3<D£:&7aft<D22f;:*fLT¥fT : T-, SB 2 © M ft ? 3 2 © "7 -V U -y K * — > © ffl 83 
7? IpH* . SB 1 © {§ ft 7 3 l©7^^yUyK^#->©jgj87jft£tt£^573ftT'&3o 

[0019] 

*$£m<D£ffi<D&mic<&%>7 * hvx?3 3 © SB 2 © S E 1 6 tcEIStl? 7^ty 'J 7 
KSIftf 1 if*, 04 (a) fflfiaic^tJ:^:, mSO*iRit!:jai»itt*t.o5-r> 20 
7* > FX^-X ( L / S ) 7^t?'J'yFii)tf 1 lOL/S/^- 

><Dmmfifa<r>«iffim}&l*, 04 (b) {c^-Tck^tc, fliJAtf, >g W 6 3S fr6 & -5 21 B£ £ 
ffi 1 2±C^oA (Cr) ^©£«HIfrP>;&.3jgfta5 1 3a~l 3ctf — ;£©j&ftg|5i|>Iw 
: 2 0 n m , — 5£ © #! P ■ lOOnmTBEJUSftTl^So 7^tyj 7 FSi)t? 1 1 
«:A*fLfcft©3-5> L/S/<*-:y©H»P#lRjfcW*©iRttffi*fcOifitt«ft3fc©# 
* il iS 3 3 « ftg * n o o 
[ 0 0 2 0 ] 

*f§W©HSgO^«tC^57^ f-VX? 3 3 « , g^SI 1 OYX^Xf-^4ICl2© 
^Sl6*&ftft©A*f{lliJfcrRjtfT^:g£ft3,, CCT*, I 1 Xttl20iRiH-Ia-7 

hffi&3 4. 3 5©fnfnoAt?A s , mytmw 1 ©^ihs^fc^-tts-ss^SBisSi: 30 
201*731, 3 2 ic£ Q mytm&s.^icw.&-? zmmmytytts nr. sb 1 x « sb 2 

© IK M it 9J ^ - -y Fffi« 3 4, 3 5 (cA»t5. HOOI(t*ffl3ttit*ffl^TJl3ttLfc/<* 
- > K J: D lR M it $J ?t 5 ft *!> , &^ft^£9©S»b>X5©«Bffi©*/J^«^T'l? 
So * *s , *»TO03fe*S©?gl8T«, IlSIfS2Cfiftf 3 U 3 2*#-Tf,|g2(Da 

as i 6 * mytftco xm m ic fa v tz & . mic sftft© tommies » tsilt & 7 * 

hvx^33cOHXSfi-«iJn.--yh36a~36 i&t>*37a~37 i £ il ifi "T 3 IS »c , 3 
Jfcft©fflfttttt«g{btf-i\ SBlftff»20f«?3 1, 3 2tCj;-DT^ft^ft©ifiiS£<I 
^fiE^fctt^S»?Wtc|Sj»3Ul*ftS^e.-PS5o 
[ 0 0 2 1 ] 40 
ry j ^ jf y , y KIIB3t7 1 1 © « 2r ft tt , f ift f ;W ^ 5 7 t h v X 

^<0§ajl73ffii:lRl«r'$.So 05 (a) lc^1" J; 5 E> B)t*C»LTBtfaW4 

liifil 2±{C. i'DilO^lCllllCit), »3!6ttl2 3tf8«Sft8. 
, I^ttl2 3gICl/i/*X h^i$L, tfi}8IIIf7-1't^'J7 FV^-y^ffi 
■ U 9! » I S tc <£ t» , 05 (b) iciti^lc, 1/->*X F^^-> 1 4^«)ttt)i2 3 
HcSl^nSo ^ © S<S1t-l'^->x-y^>^ (R I E) Xe*Kit)jS3tftSg2 3 
X -y > y £ ft T , 05 (c) fC^-T^aiC, Dtgii 1 3 a ~ 1 3 c ^SiSi 1 
2±tcjgj££n. 7l' + 7 - 'Jy FSI«?1 Itfff8«ft5, S ft , * ?g BJ1 © SH fig © Ig 
K ^ 3 42 M © it 3 iR S it iiN ffl v - ? , & *E "T 3 <k -5 , £*#iji«m/£©Jll8 

PStO^'OTy FX^-X (L/S) /^->T'JD, 0 5 K ^ L ft 7 -T t y 'J -y F 50 



(7) 
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[ 0 0 2 2 ] 

HXa*^SiJ-rSiRMH-SiJffl^-^^$iflRMtf-«'j3.--y h 3 6 a ~ 3 6 i R 3 7 a~3 
7 i S 1 R tf SB 2 © IR M W- »J a n y h «i* 3 4 , 3 5 K £ ft , S £ IC , $2CSI 
1 6 ± K , S^{Cjfi£t-3^*->£*^37^^yi>-yKS©3SlRtfm2©{Ift?3 

is 3 2i«»flf ii^cigisshT. fflisns. 

[ 0 0 2 3 ] 

*aWO**0*il!:«5iRf OttMCIi, W A tf , »tt» 3 2 5 6 6 7 8 fli«K6^ 

kh:, Bisoawpsto^^vTvFx^-x (l/s) /^->*'t$nT^5 0 -r 

^T©L/S/<*->©*8<i/jaj(||it{iO. 5?$5. #1 P , &ft^S©:3fc-U:y 
X7y7*o, fitting A, fi»l/>XMP»N A tOH£*OBff*«ftLTt>S. 
[ 0 0 2 4 ] 

3 • J / (NA • (l+o) ) > P > A/(NA-(l-o)) (1) 

( l ) S <B * ft ti , L/S/** — O2fclal»f3ttfc±i:3fc0Srft© : F#»c.fc»>»ja 
?n5*fffJ5, r 3 tt3>T»&ftJ tWl£ ti2>» BP -6, 1 %@*r%tflBl*%¥X 9 © 
iBfrenhf. 3^JM±O«*0ST)1C* t «6ffi*iifflL.a:V''*'ft**i||cLT^^%. * fc 
, L / S — y (Dtgim/ mUfiit* 0 . 5 i: LTI/^ftS), 2:fc|5|#Tft«:5g£l,*l^<, 3 
ft ]£ T i$ & ft T © iR M if iBJ T- fi , + 1 %H8fft«>liilfc43t*«tt9K£2:- 1 # 13 3r Jtt © 20 

sencisttsttffiKiioftRtfsgjyiUBsnso 

[ 0 0 2 5 ] 

6 (a) {C ^ -T «fc 3 fC, nfca»OjE*Jg/^->T*fe%, -S(Dg)t7-M3 1: 

* ± t? 41 # 2 iimV^'fXDftft 4 2 5t IT^So L/Srt«*^* — > 4 1 © 
ii4L/S/<*->tt, HfflPtf (1) 5£©2feft*»fcl,T^So WDJfc^SSftv-* 

4 4li, rt^«0St/^-V4 6 kW#«0ftt/^-V4 5%Sl/T^S, g ft "7 - 

?4 3t«!)SifS)tv-^4 4©ifii^OSia5 0(tmT\ IlMClft t) ^5 C i S 30 
<SiStlT^5 ( S)^v-^43t«t)ltI«v-H4(i 1 W *. H\ B6 (a) © 
£ £ 73 ftf;: 7 * h v X ^ ± T' 5 0 (iraf^LT, Z ft ? tl <0 IE ft B <D * & t> tc t§ £ 

, — >4 6tfL/srt»/<* — >4i© — »Kaao, Ifc. *> 

ft # ^ * - > 4 5tf?|.»A^->4 24t»B5J:5lLRtt4nT^S, 
[ 0 0 2 6 ] 

^BiSScJRHoW-iWtctt, 0 7 1:^^^5 1^ 06 (a) tcjf;L-;fc»##l5fi©Bftv — *4 
3 8«v-^ 4 4 8ft ^- * 1 2 1 1 24i 

# *f * a l , ^Fttisio^rSitcsoaiEite^-ti-fcmiwisiteS^-T-^i 2 2 i: fg 1 ©me 

WK>&%-?- 5 \ 25t*'»*ftL, MKI*fHHl»)*lftfc6Oft0<E*-frfcai2O0fi* 
ft V - ^ 1 2 3 tm 2 <D\b1$kW K> ? 1 2 6 ttfJt%4 LTl>5„ Sftv-!> 1 2 40 

lRtfaOIJII?-^ 1 2 4KB, L/SF«9#A# — >1 2 1 atil-^^^-^l 2 
1 b , SCfrttt»|)$?'^->l 2 4 atnft^DlSf/^-yi 2 4 b tfEl^nt 
l/''5 0 |^EIf;:,^lRa t *g2©l3fcBftV — * 1 2 2 , 1 2 3 {C »* , L/Sftft^* — > 
122a, I23a, StfWft/^-y 1 2 2 b, 1 2 3 btfEIStl, SB 1 R Jg 2 © 
t3fegjDi££8ftv — ? 1 2 5 , 1 2 6 ttt, rt#«9St'^-Vl 25a, 126a 
, &tf»fis«t)St/^->l 25b, 1 26btfSlfntl^, £ ft , H8KStJ: 
SfSl©gftv-^6 1t?Bl©9Jt3t6$8ftv-^6 4, S2©B)t?-^62i 
SB2©*ZJt>«t£gftv-^6 5, RtfSB3©S5ft-V-^6 3 £:SB3©gj9ffi#gSft^-? 

6 6 *t, zft^ftttv&m&.w.mnmmicm^znzo cc-e, sBi~sB3©8ftv-^ 

6 1 -6 3 0»ft/^ - > 6 1 b~6 3 b ti i-^ii O/^ - > t ^ "3 , SB 1 ~ SB 3 © 50 
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Dft#Sft^-^6 4~66tiim-<D^*-VT"&.?>„ L / S rtft/O-V 6 1 a~6 3 
a It , (1) * O = ft $ ¥ f* * » fc * ft T JS »! P # B * * L / S * - > 6 * 
5. 07lC^LftSl RtfS2<D0KS)tv-^ 1 2 2 , 1 2 3 / , cttT'4<, L 

•/S/<*->©HJHP* (1) S©=«JKT#*fF*»fc?-«3HrtTSfl:;£-g-fcL/Srt 

[ 0 0 2 7 ] 

BRffiiR»**jSiiRa*©«l!lI»iR||*W-iW-rSfci60«Jl£v-^tt, 06 (b) K yjk -? J: 
3 l^fflPtf (1) iO = *!l! : F**ft*ilfttI14L/S/^-yT?J5D, IK L / 

5 T - ^ 4 7 , IL/S7-H8, »10fil6L/S7-{'49. &y*l2©itoL/ 

OOElgtf'fe'y h £ & 3 „ f££L/S-?-^4 7 0L/S/^->OIWP(0 10 
lRl***lpi:-fSi:, ^nfniL/SY-HStfgo* , ^l<t)St<6L/Sv-^4 
9 *M 3 5 ' , SffS2C^»L/S?-* 5 Otf 4 5* © IpJ t £ & 3 „ S fc, Bfl 2& UK 

[ 0 0 2 8 ] 

COi^C, I 1 fitf^2 0lRiH-fflaZ7 h 3 6 a~3 6 i St? 3 7 a~3 7 i * 
« E B S *l * . SlRtf^2 0iRStl-|Ja^-yb3 6a~3 6 i&tf37a~37 i 

mmz n% & - ? commit . ra— tsn-ri^*. 

[ 0 0 2 9 ] 20 

<o « « , 03 ( b ) ic 7* l rc m i x it m 2 co wmm m - -y h mm. 3 4 ^ 3 st-ss, 

U fc # o T , W * tf , ^-r7*hvX^33±©^l©iR^it?giJ^.^-yhffi^34*^l 
Ol)tf 3 1 T»il[*aiJ1fi*nfc»)t)ttK:J:»)lRaW-»!l3.--y h 3 6 a~3 6 i © & ft - 
^©;^->*->i-a 1 0±K|E?t5. ^ © & , 7t h^X? 3 3 ±<OS 2 OlRMtt 
)BiJrL-<y H « 3 5:£Jfl2©<Ift?3 2T*B«fi3tt;i*i;teBtttt»cJ:ijiRMWSI:x — h 
3 7a~3 7 lOB^V-JO/^-i'^iJi-Al OlCjEftS, C © fc t , & & ^ 
> X 5 ictt-f ZWi 1 0«8lt»a=y h ft tt 3 ^OSBftv — *©ffl#ttfifc, « U 
^X5IC«tSj(20l|i!»at»ai7 hSB^3 5<fO*B3«V- ? © IB *t {ft B # « — 

sc-rs«fc5tc-rs 0 gp ^ , 2 0 © ir ii w sa « , is.^m cm&micmLrmms ns. s fc 30 

[ 0 0 3 0 ] 

flFHftiRSOM-MTii, ^lStf^2©iRittia^'y h«i^ 3 4 , 3 5^n^ntC«L 
T — fi»ft#fffc>ft5o 08©&ft^-^6 l—eefc/BVT^ISSciKtgfhSiJfcff-Sti-g- 
, Sf 1 0SO8««?Tl(\ ^i-/NXf->*7§8l~S3iDS)t?- 

^6 l~63tSl~$3©«DStS«v- ^6 4~6 6^a%5^|pJfCl 2. 5/xm 
(7*hTX^3 3±T'50/im) &S>LT2lHia©&ft:£fT5o £ CO ~ « ® ft tc J: t» , 
^ 1 -^301^7-^ 6 l~630L/Sfi«s/^-y6 1 a — 6 3 a , Rtfftft/*.* 

— > 6 1 b~6 3 b (i , Mil— ff!3©tfl<3&#&ftv-^6 4—6 6#*fi&£g|5:9-#gjr> 40 
S6n5i74^*->7?">i-/M 0±C(E?Sft, 0 9 tc ^ T <fc ? K , Sl~g3fl 
L^-;xh;^->67~69tf, 8!«Ig*«T}Bja;£n*o Il~l3«b^XF/S^ 

— > 6 7 — 6 9tf)L/SF'lfisi/^Xh/^->6 7 a — 6 9 a « , D St - > 

6 4 a — 6 6 aOlOL/S'^-ytft!), Wftl/'^X 6 7 b~6 9 b , 
O. 5ftm©i|I©/S£ — > tte 2>„ HilC LT, I 7 LftDtT-^ 1 2 1 , f$ 1 &. 
a*gf2©[a]i|fcSft-7-*l 22, 1 2 3tf, «0Stg^v-n 24, $1S^$2© 
@l«0StI)tT-^l 25, 1 26T«ID9!6nT, HI 0eStJ:5l£, L/Sft 

U •>* X h A * - > l 3 1 a~l 33a, SD'^ft U ■>* X h - > 1 3 1 b~l 33b 
ft^45l/->"7h^?-y 1 3 1, SlS0FS2O[5I!El/->'Xh/^->l 32, 1 33 
iti^tfJnSo I9SO*0 1 0(C^LftJ:?SL/Srtj*l/^Xh/^-V6 7 a~6 9 50 



(9) 
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a, I 3 1 a-1 33at^#l/';7h/^-y6 7b-6 9b, 1 3 1 b ~ 1 3 3 b <0 
[ 0 0 3 1 ] 

K«t5. x^ieatcHJIIiPoaRBtt*^^, (l) SOE^^TS^ff^IfttL/S^ 
^->*o = 0tcifi(/->3t:-lx>hBgB§Tj^«*-*S«^*#ASo 0 1 1 (a) (c^-T 
J: 3 K . ^l2*5.0S«^tfvX^/^->2 1 tAlfLTlHlSrSniil^^ 0 & |ej tfr 
ft ti S « S SB ic A » , ± 1 * HI «f ft # . AMffi^x-zTIiU 0*HJf)l6lc»t 

n&dT. o &®ffiye*&ts 5 icmm 7 o ic\m l . v x — /N±-ev a* ->g&2 

E, . E_ , , mfti&m* A , 03Kl§l«rJfc©««*A, ±1^0»fJlfi<OlB*i*Bfr*. 
[ 0 0 3 2 ] 

E = A-exp(i'k-x) (2) 

£ £ V . i « a IS ¥ (4 , k « SSc ^ * h ;l/ , x (iliil^? h;K'^5o LfetfoT, (si 

[ 0 0 3 3 ] 
[St 1 ] 

E o ( x , y . z ) = A-exp(i-k-z) (3) 
Ei (x, y, z) = B-exp { i • ( — k • x • s i n 6 
6 + 0 , ) } ( 4 ) 

E _ , (x, y, z ) = B • e x p f i • ( k • x • s i n 0 
9 + 0 _ , ) } ( 5 ) 

^i-AllcMStisfSS i & , 
I = I E o + E i + E _ , | 2 (6) 

t? * s . (6) s^iritst, 

[& 2 ] 

I=A 2 +2-B 2 +2-A-B-cos (S-k-x-<|> odd ) - cos ( C • k • 
Z-4>even)+2-B 2 - cos {2 - (S-k-x-<f> odd )} (7) 
CET, IVOft», S = s i n 8, C = 1 - c o s 0 , <Z> e v e n 
(</>, + 0_,)/2,0 odd = (</>, - 0 - t ) / 2 (DMZ 
fco 0 e v e „ ttfflH»iRM*K 4> „ d d tt*BB»iRM/a»-p**. z£@/£LTx- 

y¥ffi©fis*^ R^f^ja-eoT^Ros^fflaa, s • k • x - 0 „ 
d d = 0 ip % , 

x = 0 O dd/(S-k) (8) 
[ 0 0 3 4 ] 

± i^ig*T^oA»fte«, l / s * — >mm p tmye&s x <DMic^ 

sin0 = A / P (9) 
(5x = P-0 odd /(2-n) (10) 
[ 0 0 3 5 ] 

136 (a) l;gLftn^^f-y4 2tt, S^KfiAtc^Lr+^A^^ 

^<*->te-e*o, a«u>x*aa^-*B3tyfi«iiffi7ooit»**aja-rs. am. s 

UU>Xt04'^fiJ;<il^^nTI/^^P>, © ® 7 0<Dfp5^T'(iiSffilRM«0T'fe?)i:% 

"KttfTts. hp*. ^mm^m0 o d d », ^to-&-rnttaE*B*ffl^ritw* 



+ k • z • c o s 
+ k • z • c o s 
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[ 0 0 3 6 ] 

❖ odd = 2 • >i • 8 x / P (11) 

❖ odd = <5x/P (12) 

coo 0 d „ (r, e) as^if^9©i6©ii7 ortoii (r, e ) ic 

«17 0OilR(i, 0SR^lT'£5o @iPOL/S/^->%8*Lfttt, 0^ 
0Sf)tliil7 0©*^, ± 1 & HI St ft It , 1B7 0**^5. A / (P • N A ) f£lf L / 

s — > <Dmmj5faicmtitctiLW*mm-? % * mifr^tMm&m<Dmm 7 0 ti^eoi 10 

St « , L/S/^if-XOaJWPteSJtffilL, HJHP#*#^«^«, 0 1 1 (b) ic 5^ -r 
<fc 9 £ , iffl7 0 aCtpiDfr5R 1 «inftrt«l©ffiIiSI0, M m P 'h $ ^ *§ £ « , 0 
1 1 (c) ICmt <k 5 fC , Bffi 7 0 b R 2 SSn/iniWffil^ISo 1 1^ 

H4RfIS?n58i7 0lO, (R, 0)K*>tf£3f|igfti{xM/£#tf<*>od 
d T', (R. 8 + 1 8 0 B ) iCfelt^WMKlRSl^tf-Kio d „ T'feSc EP^, 
0odd(R.8) = <Sx/P (13) 
0 odd (R. 0+180) = - 6 x / P (14) 

ft 43 , IS S R « A , P, N A i: OIBlc^OBftfS 
[ 0 0 3 7 ] 

R = A / ( P • N A ) (15) 20 

z - > <Dstmic * o , mm 7 o ±<Dg% z&wic&v z&m&iRMi&ft 0 0 d « (r. 0 
) n 3 „ m * i£ . mm& p 0 t 3 0 ° m^htzu^t-^- ^ ^ <E>m^.t titz<ta.mt\ 

mm'tz-xDmwfrib. 0 0 d d c a / c p 0 • n a ) . 30°) t , 0 0 d d c a / 

( P 0 • N A ) , -150°) = -0 odd ( A / ( P 0 • N A ) , 3 0") # «> 
[ 0 0 3 8 ] 

& ic , * 46 * „ d d 7b>e>^Ba»iRM<D-t?;u-yitxM«ig(^»m-r^ 0 - u 

■^i - (OPTICAL REVIEW) , ^7t, ( 2 0 0 0 *) , 5 2 5 1- 5 3 4 

5 nr^S^Off MfUlK J: o T«f BBRIRS* 1 8 3 0/£#, 5 9^»K 30 

[ 0 0 3 9 ] 
[ft 3 ] 









S/2 


1/2 


0 


-1/2 


V3/2^ 


/ 0 odd (/?,O°) \ 






0 


1/2 


Sl2 


1 


S/2 


1/2 






_ 1 


1 


0 


-1 


0 


1 


0 






"3 


0 


1 


0 


-1 


0 


1 


^(^,90°) 


0co,5*(*) 




1 


-V3/2 


1/2 


0 


-1/2 


V3/2 


^(R420°) 






1° 


1/2 


-V3/2 


1 


V3/2 


1/2 J 





[ 0 0 4 0 ] 
[& 4 ] 

0cose(R) = a 2 -Z 2 (R)+a 7 -Z 7 (R)+a 14 -Z 14 (R)+ 

• • • (17) 

4>sine ( R ) = a 3 • Z 3 ( R ) + a 8 • Z 8 ( R ) + a , 5 • Z , 5 (R) + 

• • • (18) 

4>cos3e(R) = a 10 -Z 10 (R)+a 19 -Z 19 (R)+--. (1 

9 ) 50 



(11) 
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0 S i n 3 e ( R ) = aii - Zii (R)+a 20 *Z 20 ( R ) + • • • (2 
0 ) 

C C T* a n ( n ti £ m ) «*nfl<0-lf;l/=.-iriRM«*-P, Z n (R) (4 » 31 n Jl <D Hf ;P ^ 
^^]SSiD«jSRflc?¥ai5»T"fe^o C <0 i ? tc L t , 37lRMa ; , a 8 , 3 fllRSa , 
0 . a, , , Stf^fl^OS^^^a | 4 > a, 5 , a, 9 , a 2 0 *'**5ft5, 
[ 0 0 4 1 ] 

c » MHRiRisonjeico^TMn-rs. 16 c b ) ic^l/c4I(dl/s-?-^ 4 7 

^iflJLft^i-n 1 o ± k B -r s „ C(DJ;oti:7*-*X^ffi^^<b$-a:Te^bfc 
L/Sl/->"Xb^*->*, j£*§yffl^Si388& (SEM) **I^T«)6t*. SL/S 

^Xh7*-AX*ft^t5. H # Wfc ti , 7 * - X {4 M , BP "6 , Bft^ST*^5E£tl 
fc^-r^tf-AxliBi^K, l/s ^ x h/^^-><D7i'>'*iv|-r*offi^:fflt>L< ax 
'<-Xi<Dg/Mft«4ffiltf'<Xh7*-*XOfiii:a5, «AB, Hi 2 tc "T J; 
5 tC , IL/S l->*Xh/^-> 1 1 1 a~l 1 1 g fct , f7t-AXSItf-0. 2~ 
0. 4 ^mOlIT^jf-^tflgf *tl, ^Xh7*-AXB, 0. 1 (im(DfilT*$5 
o 1^ fit tc , |L/Sl/-7Xl-/^->l 12a~l I 2g, S 1 O^* L/ S Ui'X 
£ — > 1 1 3a~l 1 3 gStfl2©i«)L/S l/->'Xh/^ - > 1 1 4a~l 1 4g, 

^n^nc^x h7*-*x«> o, - o. 1 , stf oof7*-*xs!i©fiacfe5 
o ±ffi^Jr*«7^>«>J-ffi(O«i^:fii ) 6>L<«x^-x<i<0ffi'hffl*li5{as*^xh7* 
- * X £ L , IftlA'/h^^S^tt, 5 -Y > « \T ffi © ffi 'b ffl L < « X ^ - X « <D H 
AiSl!StIS^Xh7*-AXiLTfeJ;l\ fcfc, f7*-*XE**'0iOtiii: 
LT(i, I^tf, 06 (a) tt^LftS^T-* 4 3 0^«s/^->4 2(C<J:t), g & 3 
/^^->ra<75¥^W^-^X h 7 * - t> Xi&m f Ofif^f7t-AXOS¥ 

ffillca^LT^So LfttfoT, 0 1 2«r7*-AXffiitf 0. JB * 

4S%SI1 lC^lt«x7*-*XiDS!pffia*St)L, LtIlKiOl^©7*- 

*x{SB*^t3-rt>ttT?a«:v> 0 

[ 0 0 4 2 ] 

^j}c. ^Xh7*-#X©*'nfc«HttiR2«©BB«fco^TSiW , rs. 3 ft * =F # K <fc 
0 ^i-A±(c)g^$n5f (7) K *J (,> T , x - /n 1 0 # ft it 73 IrJ (z 

Taffii) ic-rnrc^^^r#^.5 0 h7Xh^«i65 (7) jzvamm 2 z tfc#£fe* 

[ 0 0 4 3 ] 

C'k-Z - 4> eve n = 0 (21) 

tftfe?, ^Xh7t-AX<DiHS!f(Dl^frF,Ofni<5 zti, AHftiR£j£#-«e v 
e „ Kitlt5„ W k: »i , ±l&B8rft©AJ*fte#» L/SSiPtS^iSlA!: 

(DmiC ( 9 ) 5£©B8«#*SCi:*#*LT\ *® i ?C«ST?* «. 

[ 0 0 4 4 ] 

0 even = C • k • <S z = 2-«'jt(A.P)'5z/A (22) 
CCT, « (A. P) = 1-(1-A 2 /P 2 ) 1/2 T*5. (E2)i-ett« 

0even = K ( A . P ) • <$ Z / A (23) 

£ & 5 o 
[ 0 0 4 5 ] 

0 e v e n ( R . 0) BfiR U >X 5 Ollftlg ( R . 0) K*5tt5ffiSBlK|g©ffi||IIia 

fili^SSt. f^ftASi, #fi!R1?IS?n5II7 0i, (R. 0 ) & ( R . 9 + 

1 8 0° ) K&ttSflHRiRI&jatttf*, v e n IP % , 
[IS 5 ] 
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0even(R.0) = <D even (R, 0+180°) = K ( A , P ) • «$ Z 

/i (24) 

ai**itntf, a«PStfftS* | aft5B)i£?-i'*>5f«stiftL/s i/^x^i 

# - > <D It SHc <fc 9. ©ffi7O±©a*S(4Sfcfeit5ffiRIStiR^fiK»0e v a n ( R . 

v>X h > ©WW** . 

[ft 6 ] 

0 e v e n ( A / ( P 0 • N A ) , 45°) = 0 e v e n ( i / (P» 'NA) , - 

13 5°) (25) 

# * «> <=> n -5 o 10 

[ 0 0 4 6 ] 

^ c , ^xh^^-^xo-rnMtfz^^ftiaftiRMw-tf^-^iR^^ft^atai-r^o ± 

ai©*y-rf^;V • U^a-KEttSftTt^JfcOfTJiJW-KfcJcoTWIBSiRaSOflj* 

#4> sym (R), 2 0 /£ # <*> c 0 s 2 e (R).* sln2e ( R ) * # * . 

[ 0 0 4 7 ] 

[ft 7 ] 

♦«-2.(R) . 1 2 0 -2 0 <t> ew ,(*,45°) 

♦* M (R) 4 0 2 0 -2 <(. ev< „(i?,90 o ) 



(26) 



20 



^{C, 0 0 fig # 0 s y m ( R ) , 2 0 fi£ # 0 c 0 s 2 a ( R ) , Os.nae ( R ) * » 
mm&icy j y h Lt, ^ft^5R46S, 

[ 0 0 4 8 ] 

[ft 8 ] 

0sym ( R ) = a 4 • Z 4 ( R ) + a 9 • Z 9 (R) +a, « • Z, 6 ( R ) + • 
(27) 

<2>cos 2 e(R) = a 5 -Z 5 (R)+a 12 -Z, 2 (R)+--- (28 30 

) 

0 S in 2 fl(R) = a 6 -Z 6 (R)+a I 3-Z 13 (R)+-.. (29 

) 

C © «fc 3 £ L T , £SffiiRMa 9 , S/SiRSa 5 , a 6 , Stf^ft60g*«#a , 6 , a 
, 2 , a, 3 # i& 6 ft 5 „ & *3 , (2 1) ~ (2 5) S$ ^OlIiC^^TIi, ft UK £ 
U>X<OS^CWt5^7, |-7*-*X©f ni*(5 ztLTl^tf, H © ft ffl tC *5 

TWim L fc «fc 5 , jgS&T f :7*-#x{jzB£:7=':7* — AXOSffilt L, ^ ft K *f -f 
S^Xhy'^-AXO-rftaaz zO«bt)C««t5i:ttS5o ^XF7^- 

2/ X © -f ft « <5 z ' 5:ffl^T (26) , (27) 3£ © ft B * fi r> t , ^'7*-*X*Sft 40 
r«»a 4 « , afl:-rS*^«BI»>R«*ato-rfl!lO««a5, a 6 ^ a 9 f B^<tL5:^ 
o LfttfoT, ^Xh7*-*XO-Tft«<5z TfcfflKftiRSiOH-aiJA^Rlffi-efe 

So 

[ 0 0 4 9 ] 
[ 0 0 5 0 ] 

( -f ) Sf, 7*h?X^3 3fitfSlCl/^Xh%iftLfc'>i-Al 0^83tSSl 
<D')i-AXf-v ! 7±Cii2n5o X x <y 7° S 1 0 IT*, 0J * fcf , I! 1 <D i& M if- iflJ a 
-'^S«34«, 06 (a) , l27&t>*08T*^Lfc3fl!aftiK|gffSiJffl©gftv-*£ 
ffl V T — S U % tf'n t> ft , m 1 <DM ft? 3 1 TttttflftSftfeBftft-e-S^OL/s/t-* 50 



(13) 



JP 2004-47737 A 2004. 2. 12 



xsmi ot^Lfti^SL/s uj^x nii x & m m z n s „ 

[ 0 0 5 1 ] 

( a ) m2<7Dbv ? ^.h^r^fliL^-i'x-^l 0#&7fc=g^£=gir£ft3 o X x y :/ S 1 0 

2 -p » mioijxMitsija.^-yhffl«3 4£D, 06 (b) ic yjk L tc ®m®w.mm m m <D 

ft ^ 3 1 T?I»fii)l6*nfti*3e , P*0*OOL/S^d'-ytff i-;M 0 ± © Sfl 2 CD 

l/^XMcSfSns, HI 2 0 U X h © SI # ^ , B 1 2Kf LftJ:34L/S l/l^XI- 

^*->*6'<7h7*-AXfni< z # it $!l 2 ft 5 0 
[ 0 0 5 2 ] 10 
( /n ) X ir -y :/ s 1 0 3 t, ffl 1 <D fil ft ? 3 1 ?iiffl«S nft8)tJtC J: Siftii i 

xatf^XF7*-*Xftiii SSlO-g^ — friRMfttfJIElHSftSo fl| * tf 

a, 0 > a, , , * fc , ffilH&l&^i:LT, #jSlR«0-t?;b-y«»a B , a 6 > R 
[ 0 0 5 3 ] 

(-) ^IC , X x -y :/ S 1 0 4T, ^30b^X h^IfUfOi-A 1 0 8 9t & W 

S » £ ft 3 o m2©lRMW-ifJ^--yh«H^3 50, 06 (a) . 0 7 Rtf B 8 LfcSf 

nfcg«)i;T'#*oL/s;^-ytf>)i-A 1 oios3«)i/->'xn:fi?!n5, m 20 
n s <s x ** it so s ft s o 

[ 0 0 5 4 ] 

( * ) S401/y*X h^i* IftO x-a 1 0tfg)t8IKgiJn5„ X -r >y 7 S 1 0 

5?- m 4 <d wmm m 3- - v b mm 3 5 (D , me c b ) (cmLfeOKsstiR^ttsjfflos^ 

ft ^ 3 2?ISI)1dStlftB)t«ffeOteOOL/S^*->*^i-A 1 0 ± © £§ 4 © 

/^->^^xh7*-*xfnii ztfifBsns. 

[ 0 0 5 5 ] 30 

(^) X x -y 7 S 10 6T, ^2<Offl^?32T'ift^<H^^nfc:S^^{C < i:5«-rna5 

x&tf^xh^^-^x-rnaaz^p,, m2<D-tf;i/nynxii^a^aEHi*nso x^-y 

7*1 0 3tH«K> iff&B&iKMtLT. 3ViR804f;l/i^r{(i»a 7 , a 8 , & 3 0 HX 
iO«*i{r«Sa, a, , , g; ft , (SBBSSfiRSi: L T , #j5iK;!S©-l?A<i'5r«»a 

5 , a 6 . atfWffiiRMO-tf/l/^-JrflSSItas 3? ffi £ ft 3 0 
[ 0 0 5 6 ] 

(h) X x -y 7 S 1 0 7T*. gm£ftfcSil&tf^2cQHfrt'.^^i|x , S£«»©M#3Ri&5ft 

So *46enfc-tf - ;br;^iRM^S(M<t»). xf •yT's lost-, m& i> > x 5 <d 

£ £ ft , Is > X 5 (DMftltffi t> tl % o 

[ 0 0 5 7 ] 40 
01 3tc«. MS 1 6<);t;2 t LTltBStifc^ 1 Rt>'S2©-t?;^7'iKS1iai: 1 -tf 71/ 
^^riRM«iSa«r^LT*i.o JSi£^>X*5©«®#T# + #U:»f|»J£ftT^5&e>fcf, tft 

ffi*TBftL;fc2|5|CDBft<DftS!JSSm«g&3o 0 1 3 tc *> T «: , ~o<D^j£T-3j<4t>fc 

[ 0 0 5 8 ] 
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[ 0 0 5 9 ] 
[ft 9 ] 

K Us J (30) 



CCT', (E p . E s ) tt, AU«OSi'^ h )V<0 p MJtfig^Stf s ®ytf&ft. (E p 

E s ') « , ffl«)fciOSi^^ h;l/Opi)tS»Rtf sI)tSlc», M »i , i§ i® 14 M io 
nPHOytl&lcWt 3 V X (J one s) fir ?U T- & 3 „ 
[ 0 0 6 0 ] 

C O « MS « , !6±OttiSO^tCtJ^TSiSft5 2 x 2©fr?lJMIC±t)SI-Pt5, fif 
[ 0 0 6 1 ] 

iseu>X5*iiLft^tf >>x-a i o k f ij a -r s o fi-ni osifa, 2 * & ± 20 

[ 0 0 6 2 ] 

xvit&?&-3 tern 1 &.zfm 2 (Dffiytyt&B i , b 2 <d 2-zxvytMtf. ®&u> x 5 n<om 

<D 3£ SS £ ii L > |BI — AM® (01 4 O x - z ¥ B ) ±T*. A'O-Ji-Al 0 © » *g U: # 

l ft s 0 tc a m <^ tc ft m e> x - ^ 1 0 m m ic a *t -t z> ^ mi ^ m l t ^ 3 „ c c -e a 30 

I-/M OSSlcAlttSlI 1 Ryi2 0l*)t«B 1 , B2©«Jttt!**, A &t ffi (C ¥ 
firft>£# (p«*tj»#) £A*fffi{cgil:&sSc# (sl)t«») t^«^tIEt5„ IB 1 
Offl*3t»B 1 Of K«ii:*2iOfl*)t«B 2©fl*ttltf*ftf ft (E, p , E, s 

). (E 2p , e 2 ,) oi^tsat^Sits. p Mtsl){flMi*o, 
b C y « 1 * « 2 ) fT^fc, «Oll^n;l/Op « Jtt J» # , s«3ttJ«»t±^©J: 

[ 0 0 6 3 ] 

E yp = A yp -exp{i-(k y 'x + 0 y +0 yb /2)} (31) 
E ys = A ys -exp{i-(k y -x + 0 y -0 yb /2)l (32) 

0 y a , sM^, pDtKiof i^W4ffii«SL, i a d ft * flu xafii^n;i/f 40 

S5. A y p , A y s a, ftlftltlOpi^Sd, s <Bft/£#<D««£3lt3T>-„ k y 

a, jss^n^sau uttfttca&se-e^sn*. 

[ 0 0 6 4 ] 

k, = 2-/r/A(sin0,O,cos0) (33) 
k 2 = 2-/i/A(-sin0,O,cos0) (34) 

pmKftRtf s mftytm±&T®L%^c tzizm-? z t. p fli ft © t # as i p > s ®k 
©Tis i s ©at'Stisns. ep^, 

[ft 1 0 ] 
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p • (2-k-x-sin0 + A0 + A0 b ) 
(35) 

Is = IE 1S +E 2s | 2 = |A ls | 2 + |A 2s | 2 +2-A ls -A 2 
s • (2-k-x-sin0 + A0-A0 b ) 
(36) 

I = I p + I s 

= I i + I 2 + A p • c o s (2'k'x-sin0+A0 + A'0 b )+A s -cos 

(2-k-x*sin0 + A0-A0 b ) (37) 

fctcL, I i x I z it , ftlfn«»iatfft»2(08l«, A p = 2 • A, p • A 2 p • 
cos (2 - 9) tt . p mftytffi±<D : fT&$L<DMm, A s = 2 • A , s • A 2 s tt , sM 10 

«««:io<7))t$(D(4lii, A 0 b = 0, b - 0 2 b aii)t<D^:#stc:tt#bfenoo 
« # O HX £ , 

d> p = A 0 + A 0 b (38) 
O s = A 0 - A 0 b (39) 

t * 3 o 

[ 0 0 6 5 ] 

• 4*iLTOiR8(DB, p MK(D=F&$i<DM&f£ft A p , P I)tOlRi<D p , Stf sfi 
TtOTi^OM^^A s , sffiftKDiRmQ s *m^T, #i£T*}fi{WTi* £ G 20 

[ 0 0 6 6 ] 

[KM] 

0=(A p -<D p +A s -cD s )/(A p -hA s ) = A0 + A0 b -(A p -A s ) 
/ ( A p + A s ) (40) 

A p . A s tt , IO03l6S<!)l|)ttt«lcj;DftS5l7*D, (3 0) it ^ 2 tl T ^ 3 
£ 5 tc . AW*©fl)t«llll**t^*h;l/i:ii*KttSt«ffMM«»»Tl»6ns^ 

offitc^^c^n^iRMitS'Jfflu^x h/^^-->^itsobr^i6/ciRM^fii^, a m w <o yt 30 

Jlifi^Stt^fflftWSRtfSftL&^o CI <D t Z fir ¥\ M tt « ffi S £ £> * (,> * {4 ?f ?U i: & § 
o SoT, 0! b = 0 2 b , A0 b = 0T*54»6, AI#«Ofli3e«ll»cJ:6r (40) 
SOfl)tf-Sift5o IP > ^x-;m Offitcf^^nsiRSItlffll/^x h;^->^ 

5©*H«r*« + »/|NS^i:W*T?«*o 
[ 0 0 6 7 ] 
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